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(57) ABSTRACT 

An illumination apparatus includes a reflector including a 
parabolic or ellipsoidal mirror, a light Source arranged near 
a (first) focal point of the reflector, and a front mirror having 
a transparent window and a mirror Surface Symmetrical 
about the light axis. Luminous flux emitted from the light 
Source is reflected from the reflector. In the case of the 
parabolic mirror, the front mirror has the same size as an 
entrance of an output light utilizing optical System, and the 
luminous flux exits toward the optical System as collimated 
light. In the case of the ellipsoidal mirror, the front mirror is 
arranged between two focal points of the ellipsoidal mirror, 
and the luminous flux is directed toward the Second focal 
point. However, at least one part of the luminous flux is 
reflected from the front mirror and returned toward the first 
focal point. 
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ILLUMINATION APPARATUS AND A LIQUID 
CRYSTAL PROJECTOR USING THE 

ILLUMINATION APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an illumination 
apparatus Suitable for illuminating a rectangular object Such 
as a liquid crystal panel, and a liquid crystal projector using 
Such an illumination apparatus. 
0003 2. Description of the Related Art 
0004 AS for an illumination optical system for uniformly 
illuminating a rectangular object Such as a liquid crystal 
panel, an integrator optical System in which two fly-eye 
lens-arrays are combined is known from, for example, 
Japanese Laid-Open Patent Application No. 3-111806. 
0005 The integrator optical system shown in the above 
patent application divides a luminous flux originating from 
a light Source with a reflector Such as a parabolic reflector, 
an ellipsoidal reflector and a hyperbolic reflector, by mul 
tiple rectangular focusing lenses constituting a first fly-eye 
lens-array to form Secondary light Source images. A convo 
lution of the Secondary light Source images is imaged on one 
illuminated object through a Second fly-eye lens-array hav 
ing multiple focusing lenses corresponding to the multiple 
rectangular focusing lenses of the first fly-eye lens-array. 
According to Such an integrator optical System, it is believed 
that intensity distribution of light on a surface of the illu 
minated object can be made almost uniform as well as 
usability of light from the light Source being improved. 
Particularly, the usability of light and uniformity of intensity 
distribution can be improved by matching shapes of respec 
tive focusing lenses of the first and the Second fly-eye 
lens-array to an aspect ratio of the rectangular illuminated 
object, for example, by making the focusing lens into a 
rectangular shape having the ratio of a long Side and a short 
side of 4:3. 

0006 That is, in Japanese Laid-Open Patent Application 
No. 3-111806, an integrator optical System using a first 
macro-lens array, of which the common name is fly-eye lens 
plate, having rectangular lenses on a first lens plate and a 
Second macro-lens array having lenses corresponding to the 
lenses on the first lens plate can make illumination matching 
an aspect ratio of an illuminated object. Then, as for an 
example of a configuration at the light Source Side in order 
to make the size of the integrator optical System compact, a 
light Source is placed at a first focal point of an ellipsoidal 
mirror, a collimator lens is located behind a Second focal 
point of the mirror, and an integrator optical System is 
arranged behind the collimator lens, as shown in FIG. 1 that 
is also drawn in-Japanese Laid-Open Patent Application No. 
3-111806. 

0007 Also, FIG. 2 shows a configuration example 
including a parabolic mirror instead of the ellipsoidal mirror 
shown in FIG. 1. 

0008. In FIG. 1 and FIG. 2, basically, illumination with 
an aspect ratio Suitable for a liquid crystal panel 103 as an 
illuminated object is performed using a first macro-lens 
array or a first fly-eye lens-array 101 having rectangular 
lenses on a first lens plate in an integrator optical System 100 
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and a Second macro-lens array or a Second fly-eye lens-array 
102 having lenses respectively corresponding to the rectan 
gular lenses of the first fly-eye lens-array. 
0009. Then, at the light source side of the configuration 
shown in FIG. 1, light generated from a light source 105 
arranged at a first focal point F1 of an ellipsoidal mirror 104 
as a reflector, is reflected from the ellipsoidal mirror 104, and 
is focused to a Second focal point F2, and enters the 
integrator optical system 100 by a collimator lens 107. 
0010 Also, at the light source side of the configuration 
shown in FIG. 2, light generated from a light source 105 
arranged at a focal point F1 of a parabolic mirror 104 as a 
reflector is reflected from the surface of the parabolic mirror 
104, collimated, focused to a point corresponding to a 
Second focal point F2 of an ellipsoid having a first focal 
point at F1 by a convex lens 106, then enters the integrator 
optical system 100 by a collimator lens 107. 
0011. Herein, in FIG. 1 and FIG. 2, a polarization 
alignment prism array for aligning polarization of light 
generated from the light Source with a mixture of a p-po 
larization component and a S-polarization component to only 
the S-polarization component or the p-polarization compo 
nent is indicated with the numeral 108. Two lenses are also 
indicated with the numerals 109 and 110 in the FIG. 1 and 
FG, 2. 

0012. According to the configuration example shown in 
FIG. 2, although the number of the members is one more 
than that of the example shown in FIG. 1, the size of a 
reflector and the position of a focal point of the reflector, 
which represents a parabolic mirror and an ellipsoid mirror, 
etc., can be freely defined. 
0013 Also, according to Japanese Laid-Open Patent 
Application No. 10-161065, an illumination apparatus is 
proposed, in which a collimated light obtained from a light 
Source placed at a focal point of a parabolic mirror is focused 
by a convex lens, collimated again by a concave lens and led 
to a polarization conversion means or an integrator optical 
System in order to decrease the Size of the integrator optical 
System. 

0014 FIG. 3 shows an illumination apparatus based on 
the idea of Japanese Laid-Open Patent Application No. 
10-161065. As compared with the illumination apparatus 
shown in FIG. 2, a collimating lens 111 is arranged at the 
near Side or light Source Side of a point corresponding to a 
Second focal point F2 of an ellipsoid having a first focal 
point at F1, wherein the collimator lens 107 is omitted. 
0015. Furthermore, according to Japanese Laid-Open 
Patent Application No. 5-264904, as shown in FIG. 4, 
Similar to the case of the above mentioned Japanese Laid 
Open Patent Application No. 3-111806, it is proposed that 
light generated from a light Source 105 placed at a first focal 
point F1 of an ellipsoidal mirror 104 or a parabolic mirror is 
led to an integrator optical system 100 through a collimator 
lens 107 arranged behind a second focal point F2. Luminous 
flux not reflected by the surface of the ellipsoidal mirror 104 
returns to the light source 105 using a concave mirror-112 
having a spherical center at the first focal point F1. Thus 
most of the luminous flux generated from the light Source 
105 can be utilized. 

0016. Also, according to Japanese Laid-Open Patent 
Application No. 2001-66697, as shown in FIG. 5, it is 
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proposed that a reflection film 214 on a part of a vessel 213 
of a lamp 212 attached to a reflector 211 is formed to be a 
light Source having a Substantially Spherical mirror Structure 
So that the luminous flux generated from the light Source is 
returned toward the reflector 211 side to be effectively 
utilized. 

0.017. The idea shown in the aforementioned Japanese 
Laid-Open Patent Application No. 3-111806 or in FIG. 1 
and FIG. 2 is that luminous flux originating from the light 
Source 105 is focused at once and collimated by the colli 
mator lens 107 to decrease the whole size of the integrator 
optical system 100, thus achieving the comprehensive 
object. However, according to the configuration, the size of 
an image of the light Source at the focal point, at which 
luminous flux originating from the light source 105 is 
focused again, is magnified to Several times of the size of the 
original image of the light Source and collimation by a 
collimator lens 107 is limited so that usability of light in the 
integrator optical system 100 is lowered. The property in the 
case of use of an ellipsoidal mirror instead of the parabolic 
mirror 104 shows the same tendency as the case of the 
combination of the parabolic mirror 104 and the convex lens 
107. 

0.018 Furthermore, in the case of the configuration 
example shown in FIG. 1, as a coverage angle 0 of the 
ellipsoidal mirror 104 is increased, a maximum incidence 
angle up is also increased, So that efficiency at the collimator 
lens is reduced and the illumination apparatus becomes 
complex because of needing many lenses, etc. 
0.019 Also in the case of the configuration as shown in 
Japanese Laid-Open Patent Application No. 10-161065 or in 
FIG. 3, in principle, collimated light exiting from the 
collimating lens 111 that is a concave lens has the same 
degree of collimation as collimated light obtained by use of 
the collimator lens 107 shown in FIG. 2. As similar to the 
aforementioned example in the prior art, even if an ellip 
Soidal mirror is employed and the collimating lens 111 is 
placed at the near Side of the Second focal point F2, the 
property shows a Same tendency as the case of the combi 
nation of the parabolic mirror 104 and the collimating lens 
111. 

0020 Moreover, in the case of Japanese Laid-Open 
Patent Application No. 5-264904 like the example shown in 
FIG. 4, the concave mirror 112 having a spherical center at 
the first focal point F1 is arranged and light not covered by 
the surface of the parabolic mirror 104 is reflected and 
utilized to improve the usability of the luminous flux gen 
erated from the light source 105. However, the idea that 
luminous flux is focused at once and collimated by the 
collimator lens 107 to decrease the whole size of the 
integrator optical system 100, thus achievement of the 
comprehensive object is the Same idea as the example in the 
prior art shown in FIG. 1. Hence, similar to the configura 
tion shown in FIG. 1, the size of an image of the light source 
at the focal point, at which luminous flux emitted from the 
light Source 105 is focused again, is magnified to Several 
times of the size of an original image of the light Source and 
collimation by a collimator lens is limited So that light 
usability of the integrator optical system 100 is lowered. 
0021 Furthermore, the configuration example shown in 
FIG. 4 is similar to the case of Japanese Laid-Open Patent 
Application NO. 3-111806 in that as a coverage angle 0 of 
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the ellipsoidal mirror 104 is increased, a maximum inci 
dence angle p is also increased, So that efficiency at the 
collimator lens is reduced and an illumination apparatus 
becomes complex because of needing many lenses, etc. 
0022. Also, in the case of Japanese Laid-Open Patent 
Application No. 2001-66697 like the example shown in 
FIG. 5, light reflected from a spherical mirror magnifies an 
arc image of the light Source as if there were a group of arc 
images at the position away from the same degree of a 
distance from the vessel center to the mirror as indicated by 
dashed lines in FIG. 5. In other word, since the arc image 
is present at a position away from the focal point of the 
reflector, it is disadvantageous that parallelism of luminous 
flux from the reflector 211 obtained via the spherical reflec 
tion mirror is extremely lowered as compared to light 
directly coming from the arc. Moreover, at a pipe wall 
reaching to near 1000 C., reflection property is lowered for 
a short time period. Even if the lamp is slightly floated from 
the pipe wall as shown in FIG. 6, degradation time of the 
lamp may become slightly longer, but the lamp must be 
frequently exchanged in practice. 

SUMMARY OF THE INVENTION 

0023. Accordingly, it is a general object of the present 
invention to provide an illumination apparatus reducing the 
Size of an output light utilizing optical System Such as an 
integrator optical System and improving the usability of 
luminous flux originating from a light Source, and a liquid 
crystal projector using Such an illumination apparatus. 
0024. A more specific object of the present invention is to 
provide an illumination apparatus improving parallelism of 
luminous flux entering an output light utilizing optical 
System Such as an integrator optical System, for example, 
capable of reducing the Size of an image of a light Source on 
a Surface of a Second fly-eye lens-array of the integrator 
optical System to point Source-like, and a liquid crystal 
projector using Such an illumination apparatus. 
0025. A more specific object of the present invention is to 
provide an illumination apparatus capable of taking a Sub 
Stantially large coverage angle, making an incidence angle to 
a collimation means Small, and obtaining a collimated light 
efficiently. 

0026. A more specific object of the present invention is to 
provide an illumination apparatus capable of emitting high 
quality homogeneous illuminating radiation onto an illumi 
nated Surface. 

0027. To achieve one of the above objects, the present 
invention provides an illumination apparatus in which at 
least one part of a reflector is a first parabolic mirror, a light 
Source is arranged near a focal point of the first parabolic 
mirror, and collimated light that is emitted from the light 
Source and reflected from the first parabolic mirror exits 
toward an output light utilizing optical System, wherein a 
front mirror with a window having no mirror Surface and 
a-transparency, whose size is Substantially the Same-as the 
Size of an entrance part of the output light utilizing optical 
System, and with a mirror Surface at the light Source Side that 
is Symmetrical about a light axis of the collimated light 
extending through the position of the focal point of the first 
parabolic mirror, is arranged on the light path of the colli 
mated light. 
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0028. Accordingly, while the collimated light reflected 
from the first parabolic mirror basically exits through the 
window having no mirror Surface of the front mirror toward 
the output light utilizing optical System, light generated from 
the light Source and not directly impinging on the first 
parabolic mirror can be reflected from the mirror Surface at 
the light Source Side that is Symmetrical about the light axis 
of the collimated light extending through the position of the 
focal point of the first parabolic mirror, returned back to the 
first parabolic mirror, reflected again by the first parabolic 
mirror, and exiting as collimated light through the position 
of the focal point. Hence, the parallelism of the luminous 
flux exiting toward the output light utilizing optical System 
is not decreased and most of the luminous flux of the light 
generated from the light Source can be utilized efficiently. 
Furthermore, Since the size of the window having no mirror 
Surface and a transparency, being Substantially the same as 
the size of an entrance part of the output light utilizing 
optical System, can be controlled, the size of the output light 
utilizing optical System can be controlled to be Small. 
0029. The present invention provides the illumination 
apparatus as described above, wherein the front mirror is 
provided to a front glass attached to an exit of the first 
parabolic mirror as one unit. 
0.030. According to the present invention as described 
above, the configuration of the illumination apparatus can be 
made simple and the precision with respect to the orthogo 
nality of the front mirror to the light axis, etc., can be 
maintained, Since the front mirror is provided to the front 
glass attached to the exit of the first parabolic mirror as one 
unit. 

0031. The present invention provides the illumination 
apparatus described above, wherein the front mirror is 
arranged between the front glass attached to an exit of the 
first parabolic mirror and the light Source. 
0032. Accordingly, in realization of the invention 
described above, the whole Size of the illumination appara 
tuS can be made more compact. Also, light generated from 
a light Source can be reflected and returned by the front 
mirror before the light diverges, to control the divergence 
angle of the light to become Smaller. 
0033. The present invention provides the illumination 
apparatus described above, wherein the output light utilizing 
optical System comprises an integrator optical System 
therein and the front mirror is provided in combination with 
a first fly-eye lens-array or a member corresponding to the 
first fly-eye lens-array of the integrator optical System as one 
unit. 

0034. Accordingly, the configuration of the illumination 
apparatus can be made Simple and the precision with respect 
to the orthogonality of the front mirror to the light axis, etc. 
can be maintained, since the front mirror is provided in 
combination with a first fly-eye lens array or a member 
corresponding to the first fly-eye lens-array of the integrator 
optical System as one unit. 

0035. The present invention provides the illumination 
apparatuses described above, wherein the front mirror is a 
plane mirror. 
0036). Accordingly, such configuration where the plane 
mirror is provided So as to be orthogonal to the light axis of 
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the collimated light is included in the illumination appara 
tuses described above. Hence, in the realization of the 
illumination apparatuses, it is easy to fabricate the front 
mirror Since the front mirror is a plane mirror. 
0037 Moreover, the present invention provides an illu 
mination apparatus in which at least one part of a reflector 
is a first parabolic mirror, a light Source is arranged near a 
focal point of the first parabolic mirror, and collimated light 
emitted from the light source and reflected from the first 
parabolic mirror exits toward an output light utilizing optical 
System, wherein the reflector comprises the first parabolic 
mirror at least in a region in which the collimated light 
reflected from the first parabolic mirror covers an entrance 
of the output light utilizing optical System and an ellipsoidal 
mirror outside the first parabolic mirror having a focal point 
common to the focal point of the first parabolic mirror, and 
a plane mirror with a window having no mirror Surface and 
a transparency, whose Size is Substantially the Same size of 
an entrance part of the output light utilizing optical System, 
is arranged near a minor axis of the ellipsoidal mirror 
perpendicularly to the light axis of the collimated light. 
0038 Accordingly, similar to the present invention as 
described above in which the plane mirror is employed as 
the front mirror, in particular, Since the first parabolic mirror 
and the ellipsoidal mirror are combined as the reflector, 
attenuation of luminous flux can be Suppressed by decreas 
ing the number of reflections repeated between the reflector 
and the plane mirror to improve usability of the light. In 
addition, as compared to the case of utilizing only one 
parabolic mirror, the size of the reflector is made smaller if 
the parabolic mirrors have the same focal length. As a result, 
down-sizing of the whole illumination apparatus can be 
realized without reducing the usability of the light. 
0039 The present invention provides the illumination 
apparatus described above, wherein-the reflector comprises 
a Second parabolic mirror existing from an end of the 
ellipsoidal mirror and extending to the plane mirror near the 
minor axis and having a focal point common to the focal 
point of the first parabolic mirror. 
0040 Accordingly, in realization of the invention 
described above, it is easy to make a mold for the reflector 
So that the Surface precision of the reflector can be improved. 
0041. The present invention provides the illumination 
apparatuses described above, wherein the front mirror is a 
third parabolic mirror having a focal point common to the 
focal point of the first parabolic mirror. 
0042. Accordingly, in realization of the illumination 
apparatuses according to the present invention as described 
above, parallelism of collimated light can be improved to 
create high-quality illumination Since the front mirror is a 
third parabolic mirror facing the first parabolic mirror as the 
reflector. 

0043. The present invention provides the illumination 
apparatus described above, wherein the position of a point at 
which a Straight line through the focal point and a part of the 
third parabolic mirror at which the distance from the center 
of the window is minimum intersects the first parabolic 
mirror is outside an interSection line of a hole through which 
the light Source is inserted. 
0044 Accordingly, even if the hole for inserting and 
mounting the light Source is taken into consideration, most 
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of the luminous flux emitted from the light source can be 
utilized to provide a more efficient illumination apparatus. 
004.5 The present invention provides the illumination 
apparatuses described above, wherein the output light uti 
lizing optical System has a polarization converter for align 
ing polarization direction on the entrance thereof and the 
size of the window having no mirror Surface of the front 
mirroris Substantially the Same as the Size of the polarization 
COnVerter. 

0046 Accordingly, in Such a configuration where a polar 
ization converter is employed to improve usability of the 
light, an operation and a working effect Similar to those of 
the present inventions as described above can be obtained. 
Particularly, by devising a structure of a polarization con 
verter, the size of the window on the front mirror can also be 
decreased by half. 
0047 The present invention provides the illumination 
apparatuses described above, wherein the output light uti 
lizing optical System has an integrator optical System on the 
entrance thereof and the size of the window having no mirror 
Surface of the front mirror is Substantially the same as the 
effective size of the first fly-eye lens-array on the entrance of 
the integrator optical System. 

0.048. The present invention provides the illumination 
apparatuses described above, wherein the output light uti 
lizing optical System has an integrator optical System on the 
entrance thereof and the size of the window having no mirror 
Surface of the front mirror is Substantially the same as an 
effective size of a orthogonal cylindrical lens-array on the 
entrance of the integrator optical System. 
0049 Accordingly, since the density of the luminous flux 
emitted from the light Source is not uniform, in Such 
configuration as an integrator optical System, in which the 
luminous flux is divided into multiple Segments and the 
respective divided luminous flux Segments are integrated on 
an illuminated object again, is provided, an operation and a 
working effect Similar to those of the present inventions as 
described above can be obtained. 

0050. The present invention provides the illumination 
apparatuses described above, wherein the window of the 
front mirror has Such size as a minimum distance from the 
light axis to a part at which the collimated light through the 
focal point of the first parabolic mirror impinges the front 
mirror is larger than two times of the focal length of the first 
parabolic mirror. 
0051. Accordingly, light reflected from the front mirror is 
effectively led to an exit aperture of the reflector to improve 
usability of the luminous flux emitted from the light source. 
0.052 The present invention provides the illumination 
apparatus described above, wherein the front mirror is held 
at a Set position by a Spring material. 

0.053 Accordingly, the front mirror is not fixed by means 
of adhesive, etc. and the shape of the third parabolic mirror 
used as the front mirror can be kept constant even in an 
illumination apparatus with large temperature change, So 
that a highly efficient illumination apparatus can usually be 
provided. 

0.054 The present invention provides an illumination 
apparatus using an ellipsoidal mirror in at least one part of 
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a reflector, arranging a light Source near a first focal point of 
the ellipsoidal mirror and reflecting luminous flux emitted 
from the light source by the ellipsoidal mirror to direct the 
luminous flux to near a Second focal point of the ellipsoidal 
mirror, wherein a front mirror, on which a window having no 
mirror Surface is formed at a part near the light axis 
extending through the first focal point and the Second focal 
point, is arranged between the first focal point and the 
Second focal point, and at least one part of the light reflected 
from the ellipsoidal mirror of the luminous flux emitted from 
the light source is reflected from the front mirror in front of 
the Second focal point to be returned to the ellipsoidal mirror 
or a vicinity of the first focal point. 

0055 Accordingly, while the luminous flux reflected 
from the ellipsoidal mirror constituting the reflector is 
basically directed to the Second focal point through the 
window of the front mirror, luminous flux generated from 
the light source and reflected from the front mirror and a 
luminous flux generated from the light Source, reflected 
from the ellipsoidal mirror and further reflected from the 
front mirror can be directed through the first focal point, 
reflected from the ellipsoidal mirror, passes through the 
window of the front mirror and directed toward the second 
focal point Side. Hence, a Substantially large coverage angle 
can be taken only by deciding the size of the window of the 
front mirror So as to utilize almost all of the luminous flux 
generated from the light Source efficiently. 

0056. The present invention provides the illumination 
apparatus described above, wherein the front mirror is a 
plane mirror arranged orthogonal to the light axis and at the 
position of the minor axis of the ellipsoidal mirror. 
0057 Accordingly, since it is basically easy to make the 
front mirror, which is a plane mirror, the configuration of the 
illumination apparatus can be made simply. Hence, the front 
mirror and a front glass covering an exit of the reflector can 
be provided as one unit, etc., and precision with respect to 
the orthogonality of the front mirror to the light axis, etc. can 
be improved. 

0058. The present invention provides the illumination 
apparatus described above, wherein the front mirror has the 
window at least in the range cut out by a conical Surface 
extending from an edge of a light Source holding hole 
formed on the reflector through the first focal point. 
0059. Accordingly, even if the light source holding hole 
for mounting the light Source is taken into consideration, the 
coverage angle is taken as large as possible in Such range as 
the luminous flux is not under the influence of an adverse 
effect by the light source holding hole formed on the 
reflector, so that almost all of the luminous flux emitted from 
the light Source can be utilized to provide an illumination 
apparatus with high efficiency. 

0060. The present invention provides the illumination 
apparatus described above, wherein the front mirror is a 
Spherical mirror of whose center is the Second focal point. 

0061 Accordingly, luminous flux generated from the 
light Source, reflected from the ellipsoidal mirror and 
directed to the Spherical mirror can take Such a light path that 
the luminous flux is reflected toward the ellipsoidal mirror 
again, passes through the first focal point at which the light 
Source is placed, and is reflected from the ellipsoidal mirror 
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again So that the luminous flux can be efficiently directed 
toward the Second focal point Side. 
0062) The present invention provides the illumination 
apparatus described above, wherein the front mirror has a 
window at least in the range cut out by a conical Surface 
extending from the interSection line of a Surface orthogonal 
to the light axis at the first focal point and the ellipsoidal 
mirror, to the Second focal point. 
0.063. Accordingly, the coverage angle is taken as large as 
possible without loss of the usability of the light generated 
from the light Source. 
0064. The present invention provides the illumination 
apparatuses described above, wherein a first optical member 
of a collimation means for making collimated light is 
arranged behind the Second focal point on the light axis. 
0065 Accordingly, an incidence angle into the collima 
tion means Such as a collimator lens can be made Small to 
obtain efficiently collimated light. 
0.066 The present invention provides the illumination 
apparatuses described above, wherein a first optical member 
of a collimation means for making collimated light is 
arranged between the front mirror and the Second focal 
point. 
0067. Accordingly, luminous flux directed to the second 
focal point can be collimated by the collimation means Such 
as a collimator lens So that a rear output light utilizing 
optical System can be closely arranged. 
0068 The present invention provides the illumination 
apparatuses described above, wherein the window has a 
shape Similar to the shape of an entrance of an optical 
element on the entrance part of the output light utilizing 
optical System. 
0069. Accordingly, since the window of the front mirror 
is formed into a shape Similar to an entrance of an optical 
element on the entrance part of the output light utilizing 
optical System, the size of the output light utilizing optical 
System can be made Small by controlling the size of the 
window. 

0070 The present invention provides the illumination 
apparatus described above, wherein the optical element on 
the entrance part of the output light utilizing optical System 
is an integrator. 
0071 Accordingly, since density of the luminous flux 
emitted from the light Source is basically uneven, in Such 
configuration where the integrator optical System is provided 
to divide the luminous flux into multiple Segments and to 
again integrate respective divided luminous flux Segments 
on an illuminated object again, an operation and a working 
effect similar to those of the invention described above can 
be obtained. That is, parallelism of the luminous flux enter 
ing the integrator optical System can be improved and the 
Size of the light Source image formed on a Surface of the 
Second fly-eye lens-array in the integrator optical System can 
be made Small, and thus high-quality homogeneous illumi 
nating radiation can be emitted for illuminating a liquid 
crystal panel, etc. in a liquid crystal projector. 
0.072 The present invention provides the illumination 
apparatus described above, wherein the optical element on 
the entrance part of the output light utilizing optical System 
is a polarization converter. 
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0073. Accordingly, in such configuration where the out 
put light utilizing optical System includes the polarization 
converter to improve usability of light, an operation and a 
working effect similar to those of the invention described 
above can be obtained. 

0074 The present invention provides a liquid crystal 
projector comprising at least one liquid crystal panel on 
which an image projected by an image information control 
ling unit is formed, the illumination apparatuses described 
above for illuminating the liquid crystal panel as an illumi 
nated object by the output light utilizing optical System, and 
a projection lens System for projecting the image formed on 
the liquid crystal to a Screen. 
0075 Accordingly, since the liquid crystal panel can be 
illuminated by luminous flux with high usability of light on 
the whole using the illumination apparatus described above 
to project the image to the Screen by the projection lens 
System having a relatively Small aperture, the whole liquid 
crystal projector can be made compact. 
0076. Herein, the liquid crystal panel may be a reflection 
liquid crystal panel and a transmission liquid crystal panel 
Particularly, in the case of the reflection liquid crystal panel, 
it is most preferable that the incidence angle of the illumi 
nating radiation to the liquid crystal panel should be only 
Vertical. Also, it is practically necessary that the incidence 
angle should be controlled to be in the range of a few degrees 
taking a tolerance for decrease of contrast into consideration. 
That is, efficient illumination can be made for the incidence 
angle within a few degrees of collimated light with high 
parallelism like the above. Also, in the case of a color 
display, three liquid crystal panels corresponding to three 
primary colors, R, G, and B or red, green, and blue, 
respectively, are commonly used in combination with a 
dispersion element, etc., for example, a dichroic prism or 
mirror. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0077. Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings, in which: 
0078 FIG. 1 is a schematic diagram showing an optical 
configuration of a first illumination apparatus in the prior art. 
007.9 FIG. 2 is a schematic diagram showing an optical 
configuration of a Second illumination apparatus in the prior 
art. 

0080 FIG. 3 is a schematic diagram showing an optical 
configuration near a reflector of a third illumination appa 
ratus in the prior art. 
0081 FIG. 4 is a schematic diagram showing an optical 
configuration near a reflector of a forth illumination appa 
ratus in the prior art. 
0082 FIG. 5 is a schematic diagram showing an optical 
configuration near a reflector of a fifth illumination appara 
tuS in the prior art. 
0083 FIG. 6 is a schematic diagram showing an optical 
configuration of a variation of the reflector shown in FIG. 5. 
0084 FIG. 7 is a schematic diagram showing an optical 
configuration of an illumination apparatus according to the 
first embodiment of the present invention. 
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0085 FIG. 8 is a schematic diagram showing an optical 
configuration of an illumination apparatus according to the 
Second embodiment of the present invention. 
0.086 FIG. 9 is a cross-sectional diagram of a configu 
ration near a reflector showing a main part of an illumination 
apparatus according to the third embodiment of the present 
invention. 

0087 FIG. 10 is an elevation view of the reflector shown 
in FIG. 9. 

0088 FIG. 11 is a cross-sectional diagram of a configu 
ration near a reflector showing a main part of an illumination 
apparatus according to the fourth embodiment of the present 
invention. 

0089 FIG. 12 is an elevation view of the reflector shown 
in FG 11. 

0090 FIG. 13 is a schematic diagram illustrating a 
principle of a reflector according to the fifth embodiment of 
the present invention. 
0.091 FIG. 14 is a schematic diagram showing an optical 
configuration of a practical example to which an illumina 
tion apparatus according to the present invention is applied. 
0092 FIG. 15 is a schematic diagram showing a main 
part of an illumination apparatus according to the Sixth 
embodiment of the present invention, wherein (a) is a 
croSS-Sectional diagram showing a configuration near a 
reflector. 

0093 FIG. 16 is a top plan view of a polarization 
COnVerter. 

0094 FIG. 17 is a schematic diagram showing an optical 
configuration of an entire illumination apparatus. 
0.095 FIG. 18 is a schematic diagram showing an optical 
configuration of a variation of an illumination apparatus 
according to the present invention. 
0.096 FIG. 19 is a schematic diagram illustrating a 
principle of a reflector according to the Seventh embodiment 
of the present invention. 
0097 FIG. 20 is a schematic diagram illustrating a 
principle of a reflector according to the eighth embodiment 
of the present invention. 
0.098 FIG. 21 is an elevation view of a window of a 
Second parabolic mirror. 
0099 FIG. 22 is a cross-sectional diagram of a configu 
ration near a reflector showing a main part of an illumination 
apparatuS. 

0100 FIG. 23 is an elevation view of the reflector shown 
in FIG. 22. 

0101 FIG. 24 is a cross-sectional diagram of a configu 
ration near a reflector showing a main part of an illumination 
apparatus according to the ninth embodiment of the present 
invention. 

0102 FIG.25 is an elevation view of the reflector shown 
in FIG. 24. 

0103 FIG. 26 is a cross-sectional diagram of a configu 
ration near a reflector showing a main part of an illumination 
apparatus according to the tenth embodiment of the present 
invention. 
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0104 FIG. 27 is an elevation view of the reflector shown 
in FIG. 26. 

0105 FIG. 28 is a schematic diagram showing an optical 
configuration of an illumination apparatus according to the 
eleventh embodiment of the present invention. 
0106 FIG. 29 is a schematic diagram showing an optical 
configuration of a liquid crystal projector according to the 
twelfth embodiment of the present invention. 
0107 FIG. 30 is a schematic diagram showing an optical 
configuration of a liquid crystal projector according to the 
thirteenth embodiment of the present invention. 
0.108 FIG. 31 is a schematic diagram illustrating a 
principle of a reflector configuration of the fourteenth 
embodiment of the present invention. 
0109 FIG. 32 is a schematic diagram illustrating a 
principle of a more specific reflector configuration in which 
a collimator lens is combined. 

0110 FIG. 33 is a schematic diagram illustrating a prin 
ciple of a more Specific reflector configuration in which a 
collimator lens of the fifteenth embodiment of the present 
invention is combined. 

0111 FIG. 34 is a schematic diagram illustrating a prin 
ciple of a reflector configuration of the Sixteenth embodi 
ment of the present invention. 
0112 FIG. 35 is a schematic diagram illustrating a prin 
ciple of a more specific reflector configuration in which a 
collimator lens is combined. 

0113 FIG. 36 is a schematic diagram illustrating a prin 
ciple of a more Specific reflector configuration in which a 
collimator lens of the seventeenth embodiment of the 
present invention is combined. 
0114 FIG. 37 is a schematic diagram of an optical 
configuration showing a main part of an illumination appa 
ratus of the eighteenth embodiment of the present invention. 
0115 FIG. 38 is a schematic diagram of an optical 
configuration showing a variation of the main part of the 
illumination apparatus shown in FIG. 37 
0116 FIG. 39 is a schematic diagram of an optical 
configuration showing a main part of an illumination appa 
ratus of the nineteenth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.117) Firstly, the first embodiment of the present inven 
tion will be illustrated with reference to FIG. 7. 

0118. In an illumination apparatus A1 of the present 
embodiment, a rectangular liquid crystal panel 1 with an 
aspect ratio of a longitudinal Side and a lateral side of 4:3 is 
an illuminated object and a condenser lens 2 laid on the front 
Surface of the crystal panel transmits luminous flux with 
minimum diameter to a projection lens after respective 
liquid crystal elements receive illuminating radiation and 
form an image. For Such liquid crystal panel 1, the illumi 
nation apparatuS A1 of the present embodiment includes a 
light Source 3 like a point Source, a parabolic mirror 4 as a 
reflector in which the light Source 3 is arranged inside, an 
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integrator optical System 5 as an output light utilizing optical 
System, and a focusing lens 6. 

0119 AS for the light source 3, a high-pressure mercury 
Vapor lamp, a metal halide lamp, and a Xenon lamp, etc. 
have been used. The light Source 3 is arranged at a focal 
point F of the parabolic mirror 4 with an inside mirror 
Surface 4a in the shape of a revolved parabola. Hence, the 
mirror Surface 4a of the parabolic mirror 4 has an optical 
property of emission of collimated light when the mirror 
Surface 4a receives light originating from the light Source 3. 
The exit of the parabolic mirror 4 is covered with a front 
glass 8. 

0120 An integrator optical system 5 is a well known one, 
for example, from the above mentioned Japanese Laid-Open 
Patent Application No. 3-111806, and has basically a con 
figuration of the combination of a first fly-eye lens-array 9 
and a Second fly-eye lens-array 10. In the present invention, 
particularly, the Second fly-eye lens-array 10 is replaced with 
two cylindrical lens-arrays 10a and 10b in a mutually 
orthogonal arrangement. In the present embodiment, a polar 
ization alignment prism array 11 of the combination of a 
PBS or polarization beam splitter array and a % wave plate 
is provided between the cylindrical lens-arrays 10a and 10b 
in order to align polarization of light. The focusing lens 6 
arranged behind the cylindrical lens array 10b serves to 
make a convolution of Segmented luminous flux, which 
Segments are formed due to division by the fly-eye lens 
arrays, on the liquid crystal panel 1. 

0121. In addition to the basic configuration of Such 
illumination apparatus A1, a plane mirror 12 as a front 
mirror is attached on the inner-Side Surface of the front glass 
8 orthogonal to the light axis of the collimated light as one 
unit in the present embodiment. That is, the plane mirror 12 
is arranged orthogonal to the light axis of the collimated 
light. Seen from another Standpoint, a reflection Surface 
Symmetrical to the light axis of the collimated light through 
the focal point F of the parabolic mirror 4 is formed to be 
orthogonal to the light axis and placed at the light Source 3 
side of the front glass 8. The plane mirror 12 is a mirror 
formed on a part of the inner-Side Surface of the front glass 
8. A window 13 having no mirror structure, whose size is 
Substantially the Same as the size of the first fly-eye lens 
array 9 as an entrance of the integrator optical System 5, is 
formed on the center part of the plane mirror 12. That is, the 
window 13 is transparent for light originating from the light 
Source 3. An AR coat 14 for the window 13 is applied on the 
both surfaces of the front glass 8 in order to improve the 
transparency of light. 

0122) Accordingly, in the illumination apparatus A1 in 
the first embodiment according to the present invention, the 
collimator lens 107, the convex lens 106 and the convex lens 
111 in the prior art example, to make the size of the 
integrator optical System 5 compact, are all omitted and the 
collimated light reflected from the parabolic mirror 4 or the 
reflector directly enters the integrator optical System 5. 
However, Since the luminous flux generated from the light 
Source 3 cannot all be utilized by the above configuration, 
the luminous flux not directly entering the integrator optical 
system 5 is reflected back toward the parabolic mirror 4 
again by the plane mirror 12 being orthogonal to the light 
axis of the collimated light. The reflected luminous flux is 
returned to the focal point F that is the position of the light 
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Source 3, by the parabolic mirror 4. Herein, in the present 
embodiment, Since an arc lamp Such as a high-pressure 
mercury-vapor lamp, a metal halide lamp and a Xenon lamp, 
etc. is used as the light Source 3, the returned luminous flux 
passes between electrodes of the light Source 3, reaches to 
the mirror Surface 4a of the parabolic Surface 4 again, is 
reflected by the mirror Surface 4a at once, becomes colli 
mated light, and is directed to the integrator optical System 
5 from the window 13. In fact, the image formed here is an 
image of the light Source being Several times larger than the 
image of the light Source at the time of original emission So 
that a part of the luminous flux is blocked by the electrodes. 
0123. According to the present embodiment, while the 
collimated light reflected from the parabolic mirror 4 basi 
cally exits through the window 13 having no mirror Surface 
of the plane mirror 12 toward the integrator optical System 
5, light generated from the light Source 3 that does not 
directly reflect from the parabolic mirror 4 through the 
window 13 can be reflected from the plane mirror 12 
orthogonal to the light axis of the collimated light, returned 
to and reflected a Second time on the parabolic mirror 4, and 
pass through the position of the focal point F, be reflected a 
third time on the parabolic mirror 4, and exit as collimated 
light through the window 13. Hence, the parallelism of the 
luminous flux exiting toward the output light utilizing opti 
cal System 5 is not decreased and most of the luminous flux 
of the light generated from the light Source can be utilized 
efficiently. Furthermore, since the size of the window 13 
having no mirror Surface and a transparency and being 
substantially the same size of the first fly-eye lens-array 9 
placed on an entrance of the integrator optical System 5, can 
be controlled, the size of the integrator optical System 5 can 
be controlled to be small and usability of the luminous flux 
from the light Source 3 is maintained almost independent on 
the shape of the integrator optical System 5. Also, providing 
the plane mirror 12 attached to the front glass 8 at the exit 
of the parabolic mirror 4 as one unit, precision with respect 
to orthogonality of the plane mirror to the light axis, etc., can 
be maintained and the configuration of the illumination 
System is made simple. 
0.124. The second embodiment according to the present 
invention will be illustrated with reference to FIG. 8. The 
Same part as the part illustrated in the first embodiment is 
indicated with the same numerals and the explanation about 
that part will be omitted. The same will be applied for each 
of the following embodiments. 
0.125. Although the plane mirror 12 is directly formed as 
one unit on the inner Surface of the front glass 8 in the first 
embodiment, the plane mirror 15 as a front mirror that is a 
member different from the front glass 8 is provided on the 
inner Surface or the outer Surface of the front glass 8, 
perpendicularly to the light axis of the collimated light for 
the illumination apparatus A1 in the present embodiment. 
The plane mirror 15 is, for example, a high-purity aluminum 
plate whose Surface at light Source Side is mirror-finished. 
Also, a window 16 of which the shape is substantially the 
same as the shape of the first fly-eye lens-array 9 is formed 
as an aperture in the center part of the front glass 8. 
0.126 Also in such configuration, it is clear that an effect 
similar to the effect in the case of the first embodiment can 
be obtained. 

0127 Herein, in the illumination apparatus A2 in the 
present embodiment, a convex lens 17 is provided at almost 
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midpoint between the cylindrical lens 10b and the liquid 
crystal panel 1 instead of the focusing lens 6. The convex 
lens 17 also serves to make a convolution of the luminous 
flux Segments formed due to division by the integrator 
optical System 5 on the liquid crystal panel 1, Similar to the 
case of the focusing lens 6. Particularly, Since luminous flux 
Segments formed by respective constituent lenses of the 
fly-eye lens-arrays 9 and 10 are collimated between the 
convex lens 17 and the liquid crystal panel 1 in the present 
embodiment, generation of unevenness of color can be 
Suppressed in the case of a liquid crystal projector using a 
reflection liquid crystal panel as described later. 

0128. The third embodiment according to the present 
invention will be illustrated with reference to FIG. 9 and 
FIG. 10. In the present embodiment, only the configuration 
near the parabolic mirror 4 is shown. In the present embodi 
ment, a plane mirror 15 that is a member different from the 
front glass 8 is arranged between the front glass 8 and the 
light source 3. That is, the plane mirror 15 is separated from 
the front glass 8 and arranged at the light-source 3 Side of the 
front mirror 8. The size and shape of the window 16 are the 
same as the size and shape of the window shown in FIG. 8. 
0129. In such configuration, although luminous flux emit 
ted from the light source 3 is substantially collimated by the 
parabolic mirror 4, luminous flux with divergence angles of 
5 through 10 are generally included. Herein, according to 
the configuration like the present embodiment, before the 
divergence of light emitted from the light Source 3 is 
increased, the light is reflected from the plane mirror 15 to 
hold an image of the light Source formed at the focal point 
F due to the reflected light Smaller as compared to the case 
of FIG. 8. Accordingly, Since the divergence angle after 
reflection on the parabolic mirror 4 and collimation can be 
held Smaller, a drop of the efficiency at the integrator optical 
System 5 is Suppressed. Also in the configuration of the 
present embodiment, as indicated by the dashed lines that 
mean positions capable of cutting in FIG. 10, a part of the 
parabolic mirror 4 outside the plane mirror 15 can be cut out 
and the cylinder for a projector is made thinner as described 
later. The same proceSS can be carried out for the left and the 
right directions as well as the up and the down directions. 
Also, the parts outside the plane mirror 15 for the up, the 
down, the left and the right directions are not cut out but the 
parts outside the plane mirror 15 may be in a shape of a box 
So that the cylinder can be similarly made thinner. 

0130. The forth embodiment according to the present 
invention will be illustrated with reference to FIG. 11 and 
FIG. 12. In the present embodiment, a plane mirror 18 as the 
front mirror is provided to the first fly-eye lens-array 9 
placed at the entrance part of the integrator optical System 5 
as one unit. More specifically, a substrate 19 made from the 
Same material as the material of the first fly-eye lens-array 
9 is formed to have Such size as an aperture of the parabolic 
mirror 4 can be covered, a lens part of the first fly-eye 
lens-array 9 is formed into a window 20 and a surrounding 
area of the window 20 is made to be a mirror Surface. 

0131 According to the present embodiment, the plane 
mirror 18 can be simply provided to decrease an adjustment 
part So that the cost can be decreased. In the case of Such 
configuration as a glass member Such as UV cut glass and IR 
cut glass is placed between the integrator optical System 5 
and the parabolic mirror 4, when a part of the glass member 

Nov. 28, 2002 

outside the part through which luminous flux transmitting 
the first fly-eye lens-array also passes is made to be a plane 
mirror, a similar effect can also be obtained. 

0132) The fifth embodiment according to the present 
invention will be illustrated with reference to FIG. 13 and 
FIG. 14. In the present invention, the structure of a reflector 
itself is devised to be a combination Structure of a parabolic 
mirror and an ellipsoidal mirror for further improving 
usability of light. 

0.133 At first, a principle with respect to the present 
embodiment will be illustrated with reference to FIG. 13. 
Herein, the horizontal axis is the Z-axis and the Vertical axis 
is the-Y-axis. AS the focal point of a parabola is an original 
point, the formula of the parabola may be represented by 
y=4f(z+f), wherein f is the focal length of the parabola. 
Furthermore, as a first focal point of an ellipsoid is Set at the 
original point, the formula of the ellipsoid may be repre 
sented by y°=-b°(Z-c) /a+b, wherein a is the half length 
of the major axis of the ellipsoid and b is the half length of 
the minor axis of the ellipsoid. Also, there is a relationship 
of c=V(a-b) indicating a half of the distance between the 
first focal point and the Second focal point. AS the parabola 
and the ellipsoid are drawn So that the condition off-a-c is 
Satisfied, two curves have two interSection points. AS the 
interSection points are represented by land 1", the coordinates 
of the intersection points are (y,z) and (y1,...,Z), wherein 
Z1=Z. 

0134) Then, as a coordinate on the Z-axis with respect to 
a point on the reflection Surface of the reflector is repre 
Sented by Z, a configuration where both the parabola 
employed in the range of Z.<Z and the ellipsoid employed 
in the range of Zez are revolved around the Z-axis is 
employed. The ellipsoid is extended to the interSection point 
with the minor axis and a plane mirror is placed at the 
position of the minor axis. Furthermore, a window around 
the Z-axis is provided on the plane mirror. AS a Straight line 
“line 9” or “line 9” through the second focal point and the 
interSection point 1 or 1 interSects the minor axis of the 
ellipsoid at the point m or m', the size of the window is 
defined as the range of m through m'. AS described later, a 
circular window with a diameter of Segment m m'gives best 
efficiency. 

0135) Next, a principle for efficiently obtaining colli 
mated light from emission of the light Source Set at the first 
focal point using Such a configured reflector will be illus 
trated. If a point Source is placed at the first focal point, 
0.136 1. Since a light ray emitted along line 1 is reflected 
from the surface of the parabolic mirror to be parallel to the 
Z-axis and vertically impinges on the plane mirror as a light 
ray along line 2, light reflected from the Surface of the plane 
mirror is returned along line 2, is reflected from the Surface 
of the parabolic mirror again, passes through the first focal 
point along line 1 to make a convolution with light directly 
generated from the first focal point, reaches the Surface on 
the parabolic mirror again, is reflected from the Surface of 
the parabolic mirror, and exits out as a light ray along line 
3 parallel to the Z-axis. 
0.137 2. A light ray emitted along line 4 is reflected from 
the Surface of the ellipsoidal mirror and impinges on the 
plane mirror as light ray directing toward the Second focal 
point along line 5. Since the plane mirror is placed at the 
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position of the minor axis of the ellipsoid in order to be 
orthogonal to the Z-axis, the light ray incident along line 5 
is reflected from the Surface of the plane mirror along line 6 
directly toward the first focal point. The light ray also makes 
a convolution with light directly generated from the first 
focal point, reaches the Surface on the parabolic mirror, is 
reflected from the Surface of the parabolic mirror, and exits 
out as a light ray along line 7 parallel to the Z-axis. 
0.138. 3. Light ray emitted along line 6 directly impinges 
on the plane mirror. Since the plane mirror is placed at the 
position of the minor axis of the ellipsoid in order to be 
orthogonal to the Z-axis, the light ray is reflected from the 
Surface of the plane mirror as a light ray along line 5 directly 
away from the Second focal point to the Surface of the 
ellipsoidal mirror and reflected from the surface of the 
ellipsoidal mirror again along line 4 directly to the first focal 
point. The light ray also makes a convolution with light 
directly generated from the first focal point, reaches the 
Surface on the parabolic mirror, is reflected from the Surface 
of the parabolic mirror and exits out as a light ray along line 
8 parallel to the Z-axis. 
0139 FIG. 14 shows a practical configuration example 
A3 of an illumination apparatus based on the principle of the 
diagram shown in FIG. 13. 
0140. A reflector 21 is configured by the combination of 
a parabolic mirror 22 and an ellipsoidal mirror 23, and line 
24 indicates an interSection line of the parabolic mirror 22 
and the ellipsoidal mirror 23. A light source 25 is set at a 
focal point F of the parabolic mirror 22 that is a first focal 
point of the ellipsoidal mirror 23. An exit of the reflector 21 
is Set at the position of the minor axis of the ellipsoid and 
covered with a front glass 26. A plane mirror 27 as the front 
mirror is provided on the inner Surface of the front glass 26 
as one unit. On the center part of the plane mirror 27, a 
rectangular window 28 is formed, whose size is Substantially 
the same as the size of the first fly-eye lens-array 9 in the 
integrator optical System 5. 
0141 Herein, with respect to a relationships among the 
intersection line 24 of the parabolic mirror 22 and the 
ellipsoidal mirror 23, the edge of the window 28 on the plane 
mirror 27, and the second focal point of the ellipsoidal 
mirror 23, when an intersection point of line 9 or line 9 
through each end point of the interSection line 24 Segment 
and the second focal point of the ellipsoidal mirror 23 and 
the plane mirror 27 is set to be outside the edge of the 
window 28 on the plane mirror 27, usability of light 
becomes best for any position of the interSection point on the 
plane mirror 27. That is, all light rays reflected from the 
ellipsoidal mirror 23 can be returned to the light-source 3 at 
the first focal point. 
0142. Also, when light reflected from the parabolic mir 
ror 22 is returned by the plane mirror 27 even a little, it is 
effective for the distance from the Z-axis to the top of the 
window 28 to exceed at least 2f That is, luminous flux 
emitted along a vertical plane just at Z=0 of the luminous 
flux emitted from the light source 3 becomes parallel to the 
Z-axis by reflecting on the parabolic mirror 22, is reflected 
from the plane mirror 27 to return through the same optical 
path, is reflected from the parabolic mirror 22, passes 
through the point at Z=0, is reflected from the counter side 
of the parabolic mirror 22 to become collimated light. Since 
the luminous flux is reflected from the plane mirror 27 to 
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return through the same optical path, the luminous flux is 
damped without exiting out of the illumination apparatus. 
However, even if the luminous flux emitted along the 
Vertical plane is Sacrificed, the illumination apparatus of the 
present embodiment has higher efficiency than the prior art. 
0.143 Thus, according to the present embodiment, as 
compared to the aforementioned first through third embodi 
ment, Since light rays reflected from the Surface of an 
ellipsoidal mirror 23 exit with reflections one time fewer 
than light rays reflected from the Surface of a parabolic 
mirror 22 to be damped a little and light rays directly 
radiating from the first focal point to the plane mirror 27 can 
exit outwards as collimated light to be effectively utilized, 
more efficient illumination is performed. 
0144. Although previous embodiments are illustrated 
under the assumption of a nearly ideal lamp as the light 
Source 3, a practically used lamp comprises electrodes and 
a glass Sphere Sealing a gas, for which it is often preferred 
that the plane mirror 27 is slightly displaced on the Z-axis 
rather than accurately positioned at the minor axis because 
of unevenness of the thickness of the glass sphere and 
deviation of the position of the arc. Particularly, in a kind of 
DC driven lamp, shapes of electrodes may be asymmetric 
and one of the electrodes may be larger than the other 
electrode. Thus, when a larger electrode is placed at the 
Smaller coordinate on the Z-axis or to the left side in FIG. 
14, in order to decrease returned light blocked by the 
electrode, it is preferable that the position of an image of the 
Second focal point be slightly displaced to a larger coordi 
nate on the Z-axis or to the right side in FIG. 14. It can be 
achieved by displacing the plane mirror 27 to larger Side on 
Z-axis than at the position of the minor axis or right Side in 
FIG. 14. For the above operation, when members of the 
illumination apparatus are practically assembled, output flux 
of the illumination apparatus according to the present inven 
tion is measured and the member of the plane mirror 27 is 
fixed at the position at which the value of the output flux is 
maximum. 

0145 The sixth embodiment according to the present 
invention will be illustrated with reference to FIG. 15 
through FIG. 17. In an illumination apparatus A4 of the 
present embodiment, a polarization converter 31 at the 
entrance part of the integrator optical System 5 constituting 
an output light utilizing optical System is employed and a 
reflector 21 similar to the case of the aforementioned fifth 
embodiment is used. Herein, although the optical element 31 
is called a polarization converter, the purpose and the 
function of the polarization converter are the same as those 
of the aforementioned polarization alignment prism array. 
However, Since the shape of the polarization converter is 
slightly different in terms of the relative position to the 
integrator optical System 5, another name is used. The 
polarization converter 31 is provided to the first fly-eye 
lens-array 9 as one unit, as shown in FIG. 16. The polar 
ization converter is configured by combining Six isosceles 
triangle-shaped prisms 32a through 32f into a centroSym 
metric trapezoidal shape to form PBS or polarization beam 
splitter films 33a through 33d on each slope of the prism. 
Since the PBS films 33a through 33d are formed to reflect 
S-polarization light and transmit P-polarization light, inci 
dent collimated light from a reflector 21 side is divided into 
S-polarization light and P-polarization light by first PBS 
films 33b and 33c located at the center part of the prism. The 
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P-polarization light is transmitted by the polarization con 
verter and is led to the integrator optical system 5. On the 
other hand, the S-polarization light is reflected, reflected 
again by the outer PBS films. 33a and 33d, which may be 
total reflection mirrors alternatively, converted to P-polar 
ization light by % wave plates 34a and 34b set on the exits 
of the prisms 32a and 32f, and led to the integrator optical 
system 5. 
0146 Although the function of the polarization converter 
31 could be achieved by a combination of three prisms, as 
the polarization converter is configured by using six prisms 
32a through 32f and symmetrically combining two sets of 
three prisms in the present embodiment, compact configu 
ration can be made So that the Surface area on the emission 
Side or integrator optical System 5 Side of the polarization 
converter 31 is twice the Surface area on the light-receiving 
Side or reflector 21 side. That is, as the shape of the input part 
of the integrator optical System 5 is the same as that of the 
case shown in FIG. 14, the Surface area on the light 
receiving side of the polarization converter 31 may be half 
so that the size of aperture of the window 28 on the plain 
mirror 27 can be also decreased to match total size of both 
prisms 32b and 32e as shown in FIG. 15(b). 
0147 Herein, the polarization converter 31 of the present 
embodiment is applicable in the case of using the parabolic 
mirror 4 shown in FIG. 7 and FIG. 8, etc. FIG. 18 shows 
an application example. Thus, the Size and the shape of the 
window 16 on the plain mirror 15 can be decreased to the 
Size and the shape of the light receiving part of the polar 
ization converter 31. 

0.148. The seventh embodiment according to the present 
invention will be illustrated with reference to FIG. 19. The 
present embodiment is improved by taking the fabrication 
process of the reflector 21 into consideration on the condi 
tion that the reflector 21 having the structure of a combina 
tion of a parabolic mirror and an ellipsoidal mirror is 
employed in order to further improve the usability of light as 
compared to the aforementioned fifth embodiment. 
0149. In general, after such kind of reflector is formed by 
molding molten glass in a mold (as at least a positive die also 
called an arrows-die and a negative die are needed) and a 
mirror Surface is polished, a reflection Surface is formed by 
means of vapor deposition. Accordingly, as an aperture is 
made at the minor axis of the ellipsoidal mirror Surface, a 
tangent of the aperture is parallel to the light axis So that it 
is necessary to make a die in complex shape Such as a 
dividing die for removing the arrows-die. If a taper is made 
in-depth against the aperture, a glass reflector can be formed 
without making the arrows-die to be complex. However, as 
the die is simply formed in this way, luminous flux with 
angle 0 and 0 shown in FIG. 19 in radiation from the 
light Source 3 cannot be effectively used. 
0150. As for the solution for the problem, in the present 
embodiment, this reflector is made to include a Second 
parabolic mirror So as to enable to the use of the above 
indicated portion of the radiation effectively. That is, the 
position of the focal point of the Second parabolic mirror 
with a focal length f shorter than the focal length fof the first 
parabolic mirror 22 is common to the position of the focal 
point of the first parabolic mirror, the Second parabolic 
mirror also intersects the ellipsoidal mirror. AS the interSec 
tion points are denoted by n and n', the coordinates of the 

Nov. 28, 2002 

interSection points are (y,z) and (y,z), wherein Z, -Z. 
Herein, as a coordinate along the Z-axis on the reflection 
Surface on the reflector is denoted by Z, the Second parabolic 
mirror is employed in the range of Zez, 
0151 AS Summarizing through the whole, in the three 
curves, the first parabola is employed in the range of Z.<Z, 
the ellipsoid is employed in the range of Z-Z.<Z, the 
Second parabola is employed in the range of Zez, and they 
are revolved around the Z-axis to form the first parabolic 
mirror, the ellipsoidal mirror, and the Second parabolic 
mirror, respectively. 
0152. In this way, although the luminous flux with angle 
0 among the luminous flux included in the angles 02 and 
0. Still cannot be utilized, the luminous flux included in the 
angle 0 can be effectively utilized as return light. 
0153. The eighth embodiment according to the present 
invention will be illustrated with reference to FIG. 20 and 
FIG. 21. In the aforementioned embodiments, the front 
mirror is configured as a plane mirror. However, in the 
present embodiment, the front mirror is configured as a 
parabolic mirror to further improve the usability of light 

0154) First, similar to the case shown in FIG. 13, the 
principle of the present embodiment will be illustrated with 
reference to FIG. 20. Similar to the case described above, 
the horizontal axis is the Z-axis, the vertical axis is the 
Y-axis, and as a focal point of a parabola forming the first 
parabolic mirror is an original point, the formula of the 
parabola 1 may be represented by y' =4f(z+f) similar to the 
case shown in FIG. 13, wherein f is a focal length of the 
parabola 1. Also, as a focal point of a parabola 2 forming the 
Second parabolic mirror facing to the opposite direction of 
the first parabolic mirror is Set at an original point, the 
formula of the parabola 2 is represented by y' =-4g(Z-g), 
whereing is the focal length of the parabola 2. In addition, 
the distance from the Z-axis to the top of a window of the 
front mirror is represented by W and the interSection points 
of the Second parabolic mirror are represented by m and m' 
which are represented on the curve Mamong curves M, M' 
and M" represented as parabola 2 in FIG. 20. 
O155 The principle of the method for using emissions 
from the light Source 3 effectively as collimated light using 
the reflector configured in this way will be illustrated. 
Herein, in general, in order to insert, mount and hold the 
light Source 3 to the reflector, it is necessary to provide a 
substantially cylindrical hole (pd) revolved about the Z-axis 
with y=d/2. That is, in the first parabolic mirror, this half 
portion cannot be a mirror Surface, and consequently not all 
areas of the Surface can be utilized. Also, the principle is 
explained under the condition that luminous flux cannot be 
physically emitted in the direction of the position of the 
electrodes with respect to the property of the light Source. A 
Segment from the original point to the interSection point m 
is at the maximum inclusive angle or a coverage angle 0 of 
luminous flux emitted from the light Source on the light axis. 
0156 AS a point Source is placed at the original point or 
the focal point: 

O157 1. A light ray along line 1' not shown in FIG. 
20 just Slightly inside an interSection point of a line 
10 and the parabolic mirror 1 becomes parallel to the 
Z-axis and is emitted outward (right direction in 
FIG. 20). 
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0158 2. A light ray along line 1 just slightly outside 
an intersection point of the line 10 and the parabolic 
mirror 1 becomes parallel to the Z-axis and is 
directed toward the right direction along the line 10, 
however, the light ray is reflected from the surface of 
the parabolic mirror 2 and returns to the original 
point along the line 5, and further is directed to the 
parabolic mirror 1. 

0159. The light ray on the line 5 makes a convolution 
with a light ray directly generated from the light Source, is 
reflected at the interSection point of the parabolic mirror 1, 
becomes parallel to the Z-axis, and is emitted outward (right 
direction in the FIG. 20) from the window along the line 9. 

0.160) 3. An emitted light ray on the line 5 from the 
first time is reflected from the parabolic mirror 1, 
becomes parallel to Z-axis, is directed to the para 
bolic mirror 1 along the line 10, becomes a light ray 
along-the line 1 at the interSection point, returns to 
the original point and further is directed to the 
parabolic mirror 1. 

0.161 The light ray on the line 1 makes a convolution 
with a light ray directly generated from the light Source, is 
reflected at the interSection point of the parabolic mirror 1, 
becomes parallel to Z-axis, and is emitted outward (right 
direction in FIG. 20) from the window along the line 6. 

0162 4. An emitted light ray on the line 2 from the 
first time makes a convolution with the directly 
emitted light ray based on the principle similar to the 
case 2 and is emitted outward along the line 8. 

0163) 5. An emitted light ray on the line 4 from the 
first time makes a convolution with the directly 
emitted light ray based on the principle similar to the 
case 3 and is emitted outward along the line 7. 

0.164 6. A light ray directly emitted to the intersec 
tion point of the parabolic mirror 1 and the parabolic 
mirror 2, which is not shown in FIG. 20, returns to 
the original point again in-principle, makes a con 
volution with the directly generated light ray, is 
reflected from the parabolic mirror 1 again to 
become parallel to Z-axis and is emitted outward. 

0.165. In this way, among luminous flux generated from 
the light Source, luminous flux with a radiation angle in the 
range of 0-0' is emitted outward as effective collimated 
light so that luminous flux from the light source 3 can be 
utilized effectively. 

0166 Furthermore, as compared to the method in which 
a plane mirror is employed as the front mirror, Since the light 
Source 3 has a volume (not a point Source), the light Source 
3 is not completely collimated light So that the light is 
reflected with confused angles on the plane mirror. However, 
according to the present embodiment, Since the confused 
angles are made Small by the parabolic mirror 2 and the light 
is reflected, load of a Subsequently used optical element is 
decreased. 

0167 Next, the relationship between the parabola 2 and 
m or m' will be illustrated by curves M, M' and M". Among 
these, the curve M is at an ideal position. That is, the 
absolute value of the Y-coordinate of the intersection point 
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of the line 5 and the parabola 1 is y=d/2, the focal length g 
of the parabola 2: 

0168 is decided so that the parabola 2 is at the position 
where the intersection point with the line 5 and the line 10 
is at m. 

0169. In this way, the luminous flux with radiation angles 
in the range of 0-0" as described above can all be used 
effectively. 

0170 As the parabola 2 is placed at the curve M' outside 
the curve M, a light ray reflected at the interSection point of 
the line 10 and the parabola 2 is directed to the original point 
outside of the line 5, and the light ray intersects the parabola 
1 on a extension line of the direction. The absolute value of 
the y-coordinate of the interSection point is Smaller than 
y=d/2 and the light ray enters the hole for holding the lamp 
So that the light ray cannot be taken as effective light. 
0171 As the parabola 2 is place at the curve M" inside the 
curve M, the intersection point of the line 10 and the 
parabola 2 is inside the line 5 So that a light ray along the line 
5 generated from the light Source does not become colli 
mated light and is emitted outward. That is, the coverage 
angle 0 becomes Small and the amount of useleSS flux in 
luminous flux emitted from the light Source 3 is increased. 
0172 Thus, it is clear that as compared to the position of 
the curve M, although efficiency at the positions of curves 
M" and M" is somewhat reduced, it is much more effective 
than methods in the prior art. 
0173 Also, the position of explosion proof glass is 
decided independently on the curves in FIG. 20 in order to 
place the explosion proof glass at the position where a 
Supporter for the electrodes is taken inside because of the 
shape of the light Source. If by drilling a hole to pierce the 
Supporter for the lamp electrodes of the light Source, ren 
dering the Supporter for the lamp electrode shorter, and 
changing the relation between the focal length of the 
parabola 1 and the focal length of the parabola 2, the 
Supporter for the lamp electrodes can be taken inside, the 
explosion proof glass may be located at any of the positions 
of curves M, M' and M". That is, explosion proof glass in the 
shape of the parabola 2 is formed and a mirror with window 
is formed on one Surface of the explosion proof glass to 
make it possible to decrease the number of members. 
0.174 Next, the shape of a window 26 provided on a 
second parabolic mirror 35 will be illustrated with reference 
to FIG. 21. Herein, it is assumed that the size of a lens 
element constituting the aforementioned fly-eye lens-array 9 
of the integrator optical system 5 is H=4 mm in the hori 
Zontal direction and V=3 mm in the vertical direction and the 
fly-eye lens-array is configured So that 7x9 lens elements are 
arranged. 

0.175. On Such conditions, the basic shape of the window 
is a rectangular shape of the horizontal Side of 4 mmx7=28 
mm and the vertical side of 3 mmx9=27 mm. 

0176) However, for a later-mentioned projector using a 
reflection LCD, the Smaller the incidence angle of light 
entering the LCD panel Surface is, the more the performance 
for contrast and color unevenneSS is improved. Hence, the 
luminous flux passing through a diagonal lens element, of 
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which the incidence angle is relatively large, may not be 
used. In addition, in the present embodiment, the luminous 
flux reaching to the diagonal lens element can be reflected, 
utilized again, and made high-quality luminous flux near the 
center So that overall efficiency can be improved. 

0177 FIG. 21(a) shows an example in which a range 
covering one diagonal lens element is a reflection Surface or 
a part of the second parabolic mirror 35 and FIG. 21(b) 
shows an example in which a range covering each of three 
diagonal lens elements is a reflection Surface or a part of the 
second parabolic mirror 35. Herein, numerical values in 
parenthesis in FIG. 21 are (x, y, l), that is, show X-coordi 
nate, y-coordinate of the corresponding point, and a diagonal 
length 1 being point Symmetric about the original point, 
respectively. In the case of FIG. 21(b), the minimum dis 
tance of the window 36 is 24.2 mm so that it is advantageous 
that the position of the line 10 is rendered w=12.1 mm in 
FIG. 20. This is similar to the case of the aforementioned 
embodiments using a plane mirror as the front mirror. 
0.178 Furthermore, if the light axis can be set precisely 
and maintained, it is not necessary to configure the window 
in the lens element unit shown in FIG.21(c) or FIG. 21(d). 
FIG. 21(c) is an example of forming the window 36 in the 
shape of an ellipsoid or a circle inscribing the rectangle 
profile and FIG.21(d) is an example of dividing the four sets 
of the three lens elements on the four corners by the diagonal 
lines and forming the entire window 36 in the shape of an 
octagon. In the examples of FIG. 21(c) and FIG. 21(d), 
Since luminous flux passes through only a part of a lens 
element, unevenness of illuminance may be caused in only 
one lens elements however, the illuminance caused by the 
convolution with respect to all the lens elements causes little 
unevenness of illuminance by mutual compensation. Par 
ticularly, in the example shown in FIG. 21(d), two lens 
elements located on each of the four cornerS is in a rela 
tionship to compensate its diagonal lens element completely 
So that unevenness of illuminance is not caused at all 
theoretically. The minimum distances of both windows 36 
are the same as the case of the rectangle 27 mm and therefore 
w=13.5 mm. 

0179 Thus, according to the present embodiment, by 
Shaping luminous flux entering an integrator optical System 
into a circle or near circle, an luminous flux reaching to its 
periphery is reflected, utilized again, and made into high 
quality luminous flux near the center So that overall effi 
ciency can be improved. 

0180 Herein, for example, the position of the mirror 
surface of the second parabolic mirror 35 in FIG. 20 may be 
M", the explosion proof (the front glass 8) and the second 
parabolic mirror 35 may be in one unit, and further may also 
be configured in one unit with the first fly-eye lens-array 9 
of the integrator optical system 5, shown in FIG. 22 and 
FIG. 23 in principle. 

0181. The ninth embodiment according to the present 
invention will be illustrated with reference to FIG. 24 and 
FIG. 25. The present embodiment shows a configuration 
example of a specific illumination apparatus A5 using the 
Second parabolic mirror as the front mirror in the aforemen 
tioned principle of the embodiment. 
0182 The parabolic mirror 4 (f=6 mm) for the reflector is 
made from reinforced glass and the Second parabolic mirror 
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35 (g=21 mm) as the front glass is made from reinforced 
glass or normal glass. The insides of both mirrors are formed 
as mirror Surfaces. In this case, both expanding coefficients 
are almost same So that both mirrors are fixed by means of 
a thermoStable adhesive. Apart between the parabolic mirror 
4 and the explosion-proof glass (the front glass 8) is formed 
into a cylindrical form with an elimination gradient by a 
fabrication mold. There is a substantially cylindrical drilled 
hole 37 for inserting, mounting and holding the light Source 
3 to the reflector or the parabolic mirror 4 and a hole for 
leader lines 38. 

0183 The tenth embodiment according to the present 
invention will be illustrated with reference to FIG. 26 and 
FIG. 27. Although an illumination apparatus A6 of the 
present invention is basically similar to the case of the 
illumination apparatuS A5, an application example is shown 
in the case of the second parabolic mirror 35 as the front 
mirror made from a metal Such as high brightness aluminum 
and StainleSS Steel, etc. 

0184. In this case, since reinforced glass is used in the 
parabolic mirror 4, the thermal expansion coefficients are 
different from each other and as both mirrors are fixed, the 
second parabolic mirror 35 may be deformed by heat 
generated at time of lighting the lamp. Accordingly, in the 
present embodiment, the parabolic mirror 4 and the Second 
parabolic mirror 35 are not fixed by an adhesive, etc. but 
rendered free relative to each other and they are held at their 
arranged positions by Spring members 39 applying a force 
holding the parabolic mirror 35 at a Symmetrical position 
around Z-axis relative to the parabolic mirror 4. More 
Specifically, four plate Spring pieces 39b are formed in croSS 
multiplication in mutual opposite sides by notches around a 
rectangular aperture formed So as not to obscure the window 
36 at the center of the plate member 39a with elasticity such 
as provided by StainleSS Steal and phosphor bronze. The 
plate member 39a is arranged directly below the explosion 
proof glass or the front glass 8 and fixed with the main body 
of the parabolic mirror 4 by an adhesive. The spring member 
39 is not limited to the arrangement shown in FIG. 26 and 
FIG. 27 and may be a line-shaped Spring and a coil Spring, 
etc. In brief, if the Spring member is arranged So that a force 
directed toward the parabolic mirror 4 is applied to the 
Second parabolic mirror 35 Symmetrically around the Z-axis, 
its shape is immaterial. 
0185. The eleventh embodiment according to the present 
invention will be illustrated with reference to FIG. 28. The 
present embodiment shows, for example, an application 
example in which the aforementioned illumination appara 
tus A5 or A6 is employed for illumination of a liquid crystal 
panel 1, similar to the case of FIG. 7, FIG. 8, FIG. 17 and 
FIG. 18, etc. The illumination apparatus A5 is shown in 
FIG. 28. In this case, as for an integrator optical system 5, 
one similar to the aforementioned case can be used. How 
ever, herein, an example is shown in which instead of the 
first fly-eye lens-array 5, as a corresponding member, 
orthogonal cylindrical lens arrays 71a and 71b are used and 
the window 36 on the second parabolic mirror 35 is formed 
to Substantially correspond to the sizes of the orthogonal 
cylindrical lens arrays 71a and 71b. Also, a shielding plate 
array 72 is arranged in front of the polarization alignment 
prism 11 that is arranged between the orthogonal cylindrical 
lenses 10a and 10b corresponding to the second fly-eye 
lens-array. Also, a UV/IR cutting filter is indicated with the 
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numeral 73. Furthermore, similar-to the case of FIG. 8, a 
convex lens 17 is placed almost at the midpoint between the 
cylindrical lens 10b and the illuminated Surface, wherein the 
focal length is matched to the distance from the convex lens 
17 to the liquid crystal panel 1. Luminous flux divided into 
the Segments by means of the Second fly-eye lens-array or 
the orthogonal cylindrical lenses 10a and 10b overlap on the 
liquid crystal panel 1 being the illuminated Surface. 
0186 By taking such configuration, from the convex lens 
17 to the liquid crystal panel 1 being the illuminated Surface, 
the luminous flux Segments made by each component lens of 
the fly-eye lens-array are collimated light So that and it is 
advantageous that unevenneSS of color is hardly caused, 
particularly in the case of a projector using the reflection 
liquid crystal panel 1. 

0187. The twelfth embodiment according to the present 
invention will be illustrated with reference to FIG. 29. The 
present embodiment shows, for example, an example of an 
application of the illumination apparatus A1 shown in FIG. 
7 to a liquid crystal projector. Herein, in the illumination 
apparatus A1, a UV/IR cutting glass 41 is placed in front of 
the first fly-eye lens-array 9 and a mirror 42 is inserted for 
changing illumination direction by 90° between the first and 
the second fly-eye lens-arrays 9 and 10. 
0188 Collimated light aligned in S-polarization by the 
illumination apparatus A1 is divided into each color com 
ponent R, G and B by dichroic mirrors 43 and 44 or 
prismatic mirrors and a total reflection mirror 45. Each 
component is led to a corresponding PBS or polarization 
beam splitter 46, 47, or 38, is reflected from the PBS film, 
and illuminates a reflection liquid crystal panel 1B, 1G or 1R 
respectively. 2B, 2G and 2R indicate condenser lenses and 
49 and 50 indicate relay lenses. 
0189 Since each reflection liquid crystal panel 1B, 1G or 
1R reflects and returns a pixel image about which an image 
Signal provided from an image information control unit (not 
shown) is in OFF state, the pixel image is reflected from the 
PBS film again and returned to the illumination apparatus 
A1-Side. On the other hand, Since an image in ON State is 
converted to P-polarization and reflected, the image is 
transmitted through a PBS film and reaches to the light 
mixing prism 51 using a dichroic prism. Each color image 
is mixed on a dichroic film of the light mixing prism 51 and 
passes through a projection lens 52 as a projection lens 
System to project and image a liquid crystal panel display 
image on a Screen 53. 

0190. The thirteenth embodiment according to the 
present invention will be illustrated with reference to FIG. 
30. The present embodiment shows, for example, an 
example of an application of the illumination apparatus 
including the integrator optical System 5 using the convex 
lens as shown in FIG. 8 emitting to a liquid crystal projector. 
Herein, a UV/IR cutting glass 41 is provided in front of the 
first fly-eye lens-array and a plane mirror 60 is attached on 
one side of the UV/IR cutting glass 41. 
0191 Collimated light aligned to P-polarization by the 
illumination apparatus is led to a PBS 61, transmitted 
through the PBS, and further led to a light dividing and light 
mixing prism 62 using a dichroic prism. Here, the collimated 
light is divided into color components R, G and B, which 
illuminate corresponding reflection liquid crystal panels 1R, 
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1G and 1B, respectively. Since each reflection liquid crystal 
panel 1B, 1G or 1R reflects and returns a pixel image about 
which an image Signal provided from an image information 
control unit (not shown) is in OFF state, after mixing on the 
light dividing and light mixing prism 62, the pixel image is 
transmitted through the PBS film of the PBS 61 again and 
returned to the illumination System. On the other hand, Since 
an image in ON State is converted to S-polarization and 
reflected, after mixing on the light dividing and light mixing 
prism 62, the image is reflected from a PBS film of the PBS 
61 and display images on reflection liquid crystal panels 1R, 
1G and 1B are projected and imaged on a Screen 64 through 
a projection lens 63 as a projection lens System. 
0.192 Also, in the example shown in FIG. 30, taking 
glass density into consideration, the relationship of the 
optical distances in the integrator optical System 5 is Set to 
Satisfy l+l'sl. 
0193 Furthermore, the illumination apparatus, which is a 
combination of the reflector and the integrator optical Sys 
tem with respect to the liquid crystal projector shown in the 
twelfth or the thirteenth embodiment, is only selected to 
illustrate an effect of the present invention Simply, and none 
of the combinations of the illumination apparatuses in the 
aforementioned embodiments deviates from the spirit of the 
invention. Particularly, with respect to the shape of the 
reflector, it is no problem to use any of the aforementioned 
shapes for any purpose. 

0194 Also, the twelfth and the thirteenth embodiments 
illustrate examples of application of the projector using the 
reflection liquid crystal display largely dependent on the 
angle of the illuminating radiation. However, Since the 
essence of the present invention is improved light gathering 
power, it goes without Saying that the present invention is 
applicable to a projector using transmission liquid crystal 
projector and a projector using a DMD or dynamic mirror 
device. In this case, the polarization conversion function can 
be omitted. 

0.195 The fourteenth embodiment according to the 
present invention will be illustrated with reference to FIG. 
31 and FIG.32. First, with reference to FIG.31, a principle 
of the illumination apparatus of the present embodiment 
according to the present invention will be illustrated. The 
illumination apparatus of the present embodiment is char 
acterized in that an ellipsoidal mirror with a first focal point 
F1 and a Second focal point F2 is employed as a reflector 1. 
Herein, a line through the first focal point F1 and the second 
focal point F2 is referred to as the light axis and is repre 
Sented by the Z-axis. Also, an axis on the paper Surface 
orthogonal to the Z-axis at the first focal point is referred to 
as the Y-axis and an axis orthogonal to the paper Surface is 
referred to as the X-axis. Hence, the first focal point is an 
original point. In addition, a Segment being a half of a major 
axis of an ellipsoid is denoted by a, a Segment being a half 
of a minor axis is denoted by b, and a Segment being a half 
of the distance between the first focal point F1 and the 
second focal point F2 is denoted by “c”, an ellipsoidal mirror 
constituting a reflector 1 is formed by a part of a curve (a half 
along the direction of the major axis) formed by revolving 
an ellipsoid represented by: 

0196) around the Z-axis. On a part of such reflector 1, a 
light Source holding hole 3, with a diameter of d, for 
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Supporting the light Source 2 of an arc lamp is formed and 
the reflector 1 includes a part not Serving as an ellipsoidal 
mirror for the light source holding hole 3. 
0.197 For such reflector 1, a plane mirror 4 as the front 
mirror is arranged orthogonal to the Z-axis and on the minor 
axis or on the X'-y' plane of the ellipsoidal mirror. The plane 
mirror 4 has a mirror Surface at the first focal point Side and 
a window 5 is formed as an aperture with a width or diameter 
of W near the center, that is near the Z-axis, of the mirror 
Surface for controlling an incidence angle to a collimator 
lens. That is, the window 5 has no mirror Surface. 
0198 Furthermore, a light source 2 is arranged near the 

first focal point F1 of the ellipsoidal mirror of the reflector 
1. The light Source 2 has the length along the Z-axis of T. 
0199 Aprinciple of the method for directing luminous 
flux generated from the light Source 2 arranged near the first 
focal point to the Second focal point F2 efficiently using the 
reflector 1 with the plane mirror 4 configured in this way will 
be illustrated. First, an open angle C. of the luminous flux is 
determined by the size of the light Source 2 (the length along 
Z-axis: T), an incidence angle 0' into the reflector 1, and a 
distance t from the light source 2 to the reflector 1. That is, 
the open angle is represented by C=tan'{(T/t)sin 0}. The 
open angle becomes the maximum about the luminous flux 
reflected near the point py on the Y-axis in the ellipsoidal 
mirror. As luminous flux reflected at the point p0 (to the left 
of the point py) on the ellipsoidal mirror is noted, the above 
open angle is an open angle C. of the luminous flux directly 
reflected from the reflector 1. 

0200. As luminous flux is reflected at the point p1 (to the 
right of the point py) on the ellipsoidal mirror, the luminous 
flux is directed toward the second focal point F2, but the 
luminous flux is reflected from the plane mirror 4 and is 
directed to the first focal point F1 again, as if the light Source 
2 were placed at the Second focal point F2 and the luminous 
flux were reflected at the point p1' and directed to the first 
focal point F1. The luminous flux passes through near the 
first focal point F1 and is reflected from the reflector 1 again. 
Since the mirror Surface at that point is a concave Surface of 
the ellipsoidal mirror, the divergent luminous flux is 
reflected to be focused or closed. Of course, since the 
centerline of the luminous flux is through the Second focal 
point F2, the open angle of the focused luminous flux is the 
Same angle as the open angle of the luminous flux directly 
reflected from the reflector 1. Herein, the open angle of the 
focused luminous flux is referred to 3. That is, the luminous 
flux reflected at the point p1 is directed to the second focal 
point with an open angle C.'. Afterward, the luminous flux is 
reflected from the plane mirror 4 and Subsequently the 
reflector 1 respectively, and finally the luminous flux is 
directed to the Second focal point F2 with an open angle B'. 
0201 Herein, the size W of the window formed on the 
mirror plane 4 So that a coverage angle 0 is large is 
decreased, the luminous flux passes through the route: the 
reflector 1->the plane mirror 4->the reflector 1, enters the 
light source holding hole 3 with the diameter d for the light 
Source 2. Luminous flux larger than the above luminous flux 
passes through the route: the plane mirror 4->the reflector 
1->the reflector 1, for which luminous flux it is necessary to 
avoid entering the light Source holding hole 3. That is, it is 
necessary for the size w of the window to be set to the size 
larger than the conic Surface defined by the interSection point 
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of the line through the point pd on the edge of the light 
Source holding hole 3 and the first focal point F1 and the 
minor axis. 

0202 Furthermore, as luminous flux directed to the point 
p2 is noted, the luminous flux is reflected from the plane 
mirror 4, Subsequently reflected at the point p2 on the 
reflector 1 and directed to the first focal point F1, as if the 
light Source 2 were placed at the Second focal point F2 and 
the luminous flux is directed to the first focal point F1. In this 
case, an arc image formed on the first focal point is Smaller 
than the arc of the light source 2. After the luminous flux 
passes through near the first focal point F1, the luminous 
flux is reflected from the reflector 1 again. Since the mirror 
Surface at that point is also a concave Surface, the divergent 
luminous flux is reflected to be focused or closed. Of course, 
Since the centerline of the luminous flux is through the 
Second focal point F2, the open angle of the focused 
luminous flux is the same angle as the open angle of the 
luminous flux directly reflected from the reflector 1. Herein, 
the open angle of the focused luminous flux is referred to Y. 
That is, the luminous flux reflected at the point p2 of the 
reflector 1, after being reflected from the plane mirror 4, is 
directed to the first focal point F1 with an open angle C.". 
Afterward, the luminous flux is reflected from the reflector 
1 again, and directed to the Second focal point F2 with an 
open angle Y". 
0203 FIG. 32 shows a configuration example of the 
more practical illumination apparatus A1 configured So that 
a collimator lens 6 constituting at least one part of a 
collimation means is included under the above mentioned 
principle. The collimator lens 6 is arranged behind the 
second focal point F2 on the Z-axis. Herein, the collimator 
lens 6 is configured with a convex lens whose focal point is 
at the position of the Second focal point F2. It is common 
that the collimator lens 6 is configured with a plurality of 
lenses including a concave lens for reducing chromatic 
aberration, but the collimator lens may be one a spherical 
lens. A specific Set position of the collimator lens 6 depends 
on the size of the integrator optical System arranged behind 
the collimator lens 6, etc. and the collimator lens 6 is Set at 
the best position indicated by L and L', etc. 
0204. In FIG. 32, lines 1 and 1' through one of the 
interSection points of the ellipsoidal mirror constituting the 
reflector 1 and the Y-axis and the second focal point F2 of 
the ellipsoidal mirror are shown. The interSection points of 
the lines 1 and 1' and the Y-axis are also indicated by m and 
m' respectively. About light rays shown in FIG. 32, after a 
light ray along the line 1 is reflected from the ellipsoidal 
mirror along the line 2, the light ray is reflected from the 
plane mirror 4 along the line 3, passes through the first focal 
point F1, is reflected from the ellipsoidal mirror along the 
line 4 and is directed to the second focal point F2 to enter the 
collimator lens 6. A light ray being directed to the opposite 
direction along the line 1 is reflected from the ellipsoidal 
mirror and along the line 5 directed to the Second focal point 
to enter the collimator lens 6. A light ray along the line 6 is 
first reflected from the plane mirror 4 along the line 7, 
Subsequently, is reflected from the ellipsoidal mirror along 
the line 8, passes through the first focal point F1, is reflected 
from the ellipsoidal mirror along the line 9 and directed to 
the second focal point F2 to enter the collimator lens 6. 
Conversely, after a light ray along the line 8 is reflected from 
the ellipsoidal mirror along the line 7, the light ray is 
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reflected from the plane mirror 4 along the line 6, passes 
through the first focal point F1, is reflected from the ellip 
soidal mirror along the line 10 and is directed to the second 
focal point F2 to enter the collimator lens 6. 
0205 Of course, for light rays emitted from the light 
Source 2, light rays directed to the opposite direction of the 
illustrated ones along the lines 6 and 8 are reflected from the 
ellipsoidal mirror and the light rays are directly directed to 
the second focal point F2 along the lines 10 and 9 respec 
tively. 

0206 Herein, it should be noted that as the size of the 
window 5 on the plane mirror 4 is decreased to less than the 
size defined by the points m and m' at which lines 1 and 1 
interSect, among the light rays emitted from the first focal 
point F1, a light ray directed from the light Source 2 to the 
region inside the points m and m' on the plane mirror 4 
passes through the route: the plane mirror 4->the reflector 
1->the reflector 1->the plane mirror 4->the reflector 1, 
afterward reaching to the Second focal point F2 and the 
number of reflections is increased two times more, So that an 
amount of attenuation is increased So as to be not effective. 

0207 According to the present embodiment, to the 
reflector 1 made by the ellipsoidal mirror, the plane mirror 
4 on which the size w of the window 5 is defined to a certain 
Size is arranged at the position of the minor axis, the 
coverage angle 0 of the reflector 1 can be Substantially taken 
to be large So that the luminous flux generated from the light 
Source 2 can be focused to the Second focal point F2 and the 
incidence angle can be made Small, So that the luminous 
flux enters the collimator lens 6. Thus, collimated light can 
be obtained efficiently. 
0208. The fifteenth embodiment according to the present 
invention will be illustrated with reference to FIG. 33. The 
Same part as the part illustrated in the fourteenth embodi 
ment is indicated by the same numerals and the illustration 
about the part will be omitted. The same will be applied for 
each of the following embodiments. 
0209 FIG. 33 shows a configuration example of the 
more practical illumination apparatus A2 configured So that 
a collimator lens 7 constituting at least one part of a 
collimated means is included. The collimator lens 7 is 
arranged between the plane mirror 4 and the Second focal 
point F2 on the Z-axis. Herein, the collimator lens 7 is 
configured with a concave lens System whose focal point is 
at the position of the Second focal point F2. It is common 
that the collimator lens 7 is configured with a plurality of 
lenses including a convex lens for reducing chromatic 
aberration, but the collimator lens may be one aspherical 
lens. A specific Set position of the collimator lens 7 depends 
on the size of the integrator optical System arranged behind 
the collimator lens 7, etc. and the collimator lens is Set at the 
best position indicated by L and L', etc. 
0210. In the case of the present embodiment, the same 
effect as the case of the fourteenth embodiment can be 
obtained. 

0211 The sixteenth embodiment according to the present 
invention will be illustrated with reference to FIG. 34 and 
FIG. 35. First, with reference to FIG. 34, a principle of the 
illumination apparatus of the present embodiment according 
to the present invention will be illustrated. The illumination 
apparatus of the present embodiment is also characterized in 
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that an ellipsoidal mirror with a first focal point F1 and a 
second focal point F2 is employed as a reflector 1. At the first 
focal point the light Source 2 of an arc lamp is arranged. In 
the present embodiment, instead of the plane mirror 4, a 
Spherical mirror 11 is arranged as the front mirror. The 
spherical mirror 11 is formed so that the position of the 
center is at the Second focal pint F2 and a convex mirror 
surface with radius r is at the first focal point F1 side, and 
the Spherical mirror is arranged between the first focal point 
F1 and the second focal point F2. On Such spherical mirror 
11, a window 12 is formed as an aperture with the size to 
control an incidence angle to a collimator lens, near the 
center of the mirror Surface, that is, near the Z-axis. 
0212 Aprinciple of the method for directing luminous 
flux generated from the light Source 2 arranged near the first 
focal point to the Second focal point F2 efficiently using the 
reflector 1 with the spherical mirror 11 configured in this 
way will be illustrated. First, as described in the fourteenth 
embodiment, an open angle C. of the luminous flux is 
decided by the size of the light Source 2 (the length along the 
Z-axis: T), an incidence angle 0' into the reflector 1, and a 
distance t from the light source 2 to the reflector 1. That is, 
the open angle is represented by C=tan'{(T/t) sin O'}. The 
open angle becomes the maximum about the luminous flux 
reflected near the point py on the Y-axis in the ellipsoidal 
mirror. 

0213 As luminous flux reflected at the point p0 (to the 
left of the point py) on the ellipsoidal mirror is noted, the 
above open angle is an open angle C. of the luminous flux 
directly reflected from the reflector 1. 
0214) As luminous flux is reflected at the point p1 (to the 
right of the point py) on the ellipsoidal mirror, the luminous 
flux with an open angle C. is directed to the Second focal 
point F2, but the luminous flux is reflected from the spheri 
cal mirror 11. In this case, a further divergent luminous flux 
is reflected. In the luminous flux, a center light ray emitted 
from the first focal point is just the same as the light ray 
generated from the point Source placed at the Second focal 
point F2, reflected at the point P1 and directed to the first 
focal point. However, in the entire luminous flux, Since the 
luminous flux is divergently reflected from the Spherical 
mirror 11, when the luminous flux is reflected at the point p1 
on the reflector 1, the open angle is still more divergent than 

0215 However, since the mirror Surface at the point p1 is 
a concave Surface of the ellipsoidal mirror, the divergent 
luminous flux is conversely reflected to be focused or closed. 
The absolute value of the open angle is Smaller than that of 
the divergent angle before the reflection. The centerline of 
the luminous flux is through the first focal point as described 
above and is reflected from the reflector 1 once again. Since 
the mirror Surface at that point is a concave Surface, the 
luminous flux is also reflected to be focused. Of course, 
Since the centerline of the luminous flux passes through the 
Second focal point F2, the open angle of the focused 
luminous flux is the same angle as the open angle of the 
luminous flux directly reflected from the reflector 1. Herein, 
the open angle of the focused luminous flux is referred to Ö. 
That is, although the luminous flux reflected at the point p1 
is directed to the Second focal point with an open angle C.", 
the luminous flux is reflected from the spherical mirror 11 
and then the reflector 1, and finally the luminous flux is 
directed to the Second focal point F2 with an open angle Ö'. 



US 2002/0176255A1 

0216) In principle if the position of the spherical mirror 
11 is between the first focal point F1 and the second focal 
point F2, the aforementioned matter is not changed. How 
ever, as the Spherical mirror 11 is arranged at the position 
indicated by M in FIG.34 so that a line n from the first focal 
point to the interSection point of the Spherical mirror 11 and 
the ellipsoidal mirror or reflector 1 is a tangent of the 
Spherical mirror 11, a luminous flux within a coverage angle 
0 can be effectively utilized. As the-position of the spherical 
mirror 11 is closer to the second focal point F2 than M, 
Shielding of luminous flux by the Spherical Surface occurs. 
Of course, the condition may be ignored due to another 
constraint. Also, an arrangement at the position Such as M' 
in FIG. 34 does not deviate from the idea of the present 
invention although the coverage angle is Sacrificed. 
0217 FIG. 35 shows an configuration example of the 
more practical illumination apparatus A3 configured So that 
a collimator lens 6 constituting at least one part of a 
collimation means is included under the above mentioned 
principle. The collimator lens 6 is arranged behind the 
second focal point F2 on the Z-axis. Herein, the collimator 
lens 6 is configured with a convex lens System of which the 
focal point is at the position of the Second focal point F2. It 
is common that the collimator lens 6 is configured with a 
plurality of lenses including a concave lens for reducing 
chromatic aberration, but the collimator lens may be one 
aspherical lens. A specific Set position of the collimator lens 
6 depends on the size of the integrator optical System 
arranged behind the collimator lens 6, etc. and the collimator 
lens 6 is Set at the best position indicated by L and L', etc. 
In FIG. 35, lines 1 and 1' through one of the intersection 
points of the ellipsoidal mirror constituting the reflector 1 
and the Y-axis and the second focal point F2 of the ellip 
Soidal mirror are shown. The interSection points of the lines 
1 and 1' and the Y-axis are also indicated by m and m' 
respectively. About the light rays shown in FIG. 35, after a 
light ray along the line 1 is reflected by the ellipsoidal mirror 
along the line 2, the light ray is reflected from the Spherical 
mirror 11 and returned along the line 2, passes through the 
first focal point F1, is reflected from the ellipsoidal mirror 
along the line 3 and is directed to the Second focal point F2 
to enter the collimator lens 6. After a light ray along-the line 
4 is reflected from the ellipsoidal mirror along the line 5, the 
light ray is reflected from the spherical mirror 11 and 
returned along the line 5, passes through the first focal point 
F1, is reflected from the ellipsoidal mirror along the line 6 
and directed to the second focal point F2 to enter the 
collimator lens 6. Furthermore, a light ray along the line 7 
is directly reflected from the ellipsoidal mirror and returned 
along the line 7, passes through the first focal point F1, 
reflected from the ellipsoidal mirror along the line 8 and 
directed to the second focal point F2 to enter the collimator 
lens 6. A light ray along the line 9 is reflected from the 
ellipsoidal mirror along the line 10 and directed to the 
second focal point F2 to enter the collimator lens 6. 
0218. Herein, it should be noted that as the size of the 
window 12 on the spherical mirror 11 is decreased to less 
than the size defined by the points m and m' at which lines 
1 and 1' interSect, respectively, among the light rays emitted 
from the first focal point F1, a light ray reflected from the 
reflector 1 and directed to the region inside the points m and 
m" on the Spherical mirror 11 is reflected repeatedly Such as 
the reflector 1->the spherical mirror 11->the reflector 
1->the spherical mirror 11 and does not have a route to reach 
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to the Second focal point F2 So that the arrangement of the 
Spherical mirror 11 is meaningless. 

0219. According to the present embodiment, as for the 
reflector 1 made by the ellipsoidal mirror, the spherical 
mirror 11 on which the size of the window 12 is defined to 
be a certain size is arranged between the first focal point F1 
and the Second focal point F2 on the light axis, the coverage 
angle 0 of the reflector 1 can be taken to be substantially 
large So that the luminous flux generated from the light 
Source 2 can be focused to the Second focal point F2 and the 
incidence angle can be made Small, So that the luminous 
flux can enter the collimator lens 6. Thus, collimated light 
can be obtained efficiently. 

0220. The seventeenth embodiment according to the 
present invention will be illustrated with reference to FIG. 
36. As the same as the sixteenth embodiment, FIG. 36 
shows a configuration example of the more practical illu 
mination apparatus A4 configured So that a collimator lens 
7 constituting at least one part of a collimation means is 
included. The collimator lens 7 is arranged between the 
spherical mirror 11 and the second focal point F2 on the 
Z-axis. Herein, the collimator lens 7 is configured with a 
concave lens System of which the focal point is at the 
position of the second focal point F2. It is common that the 
collimator lens 7 is configured with a plurality of lenses 
including a convex lens for reducing chromatic aberration, 
but the collimator lens may be one aspherical lens. A specific 
set position of the collimator lens 7 depends on the size of 
the integrator optical System arranged behind the collimator 
lens 7, etc. and the collimator lens 7 is set at the best position 
indicated by L and L', etc. 
0221) In the case of the present embodiment, the same 
effect as in the case of the Sixteenth embodiment can be 
obtained. 

0222. The eighteenth embodiment according to the 
present invention will be illustrated with reference to FIG. 
37. The present embodiment shows an application example 
using the aforementioned illumination-apparatus A4 for 
illuminating, for example, a rectangular liquid crystal panel 
or LCD 21 with an aspect ratio of a longitudinal side and a 
lateral side of 4:3. 

0223) That is, the illumination apparatus is configured So 
that the Spherical mirror 11 is employed and collimation is 
made by the collimator lens 7 as a collimation means in front 
of the second focal point F2 of an ellipsoidal mirror or 
reflector, and may be the illumination apparatus A2. In the 
case of the present embodiment, one aspherical concave lens 
is employed as for the collimator lens 7. A front glass 
attached to an aperture part at the position of the minor axis 
of the reflector 1 is indicated by the numeral 22. 
0224. Also, in the case of the present embodiment, an 
output light utilizing optical System arranged between the 
illumination apparatus A4 and the liquid crystal panel 21 is 
an integrator optical System 23 with a polarization converter. 
Although the integrator optical System 23 may have various 
configurations, in the present embodiment, instead of a 
general first fly-eye lens-array, an example using an orthogo 
nal cylindrical lens arrayS 24a and 24b is shown. Also, a 
Shielding plate array 27 is arranged in front of the polariza 
tion alignment prism 26 that is arranged between the 
orthogonal cylindrical lenses 25a and 25b corresponding to 
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the second fly-eye lens-array. A UV/IR cutting filter is also 
indicated with the numeral 28. Furthermore, a convex lens 
29 is placed almost at the midpoint between the cylindrical 
lens 25b and the illuminated Surface, wherein the focal 
length is matched to the distance from the convex lens 29 to 
the liquid crystal panel 21. Luminous flux divided into 
Segments by means of the Second fly-eye lens-array or the 
orthogonal cylindrical lenses 25a and 25b overlap on the 
liquid crystal panel 21 being the illuminated Surface. 

0225. By taking such configuration, from the convex lens 
29 to the liquid crystal panel 21 being the illuminated 
Surface, the luminous flux Segments made by each compo 
nent lens of the fly-eye lens-array is collimated light So that 
it is advantageous that unevenness of color is hardly caused, 
particularly in the case of a projector using the reflection 
liquid crystal panel 21. 

0226. In the present embodiment, with respect to a con 
figuration of the integrator optical System 23, even if instead 
of the respective Orthogonal cylindrical lens arrays, the first 
and the Second fly-eye lens plates are employed, the essence 
of the present invention is not changed at all. In this case, it 
is preferred that the polarization converter corresponding to 
the polarization alignment prism 26 be arranged immedi 
ately behind the Second fly-eye lens plate. 

0227. Also, as shown in FIG. 38, instead of the polar 
ization alignment prism 26 between the orthogonal cylin 
drical lenses 25a and 25b, the polarization converter 31 may 
be arranged immediately behind the illumination apparatus 
A4. That is, the polarization-converter 31 corresponds to an 
optical element at the entrance part of the output light 
utilizing optical System. Herein, as referring to a polarization 
converter, the purpose and the function of the polarization 
converter are the same as those of the aforementioned 
polarization alignment prism array. However, Since the 
shapes of them are slightly different from each other due to 
the relative position to the integrator optical System 23, 
another name is used. The polarization converter 31 is 
provided to the first fly-eye lens-array 35 as one unit, similar 
to the Sixth embodiment according to the present invention 
as shown in FIG. 16, the polarization converter 31 is 
configured by combining Six isosceles triangle-shaped 
prisms 32a through 32f into a centrosymmetric trapezoidal 
shape and forming PBS or polarization beam splitter films 
33a through 33d on each slope of the prism. Since the PBS 
films. 33a through 33d are formed to reflect S-polarization 
light and transmit P-polarization light, incident collimated 
light from the illumination apparatus A4 side is divided into 
S-polarization light and P-polarization light by first PBS 
films 33b and 33c located at the center part and the P-po 
larization light is transmitted by the polarization converter to 
be led to the integrator optical system 23. On the other hand, 
the S-polarization light is reflected, reflected again by the 
outer PBS films 33a and 33d, which may be total reflection 
mirrors alternatively, converted to P-polarization light by % 
wave plates 34a and 34b set on the exits of the prisms 32a 
and 32f respectively, to be led to the integrator optical 
system 23. 

0228. Similar to the sixth embodiment according to the 
present invention, although the function of Such polarization 
converter 31 could be achieved by the combination of three 
prisms, as the polarization converter is configured by using 
Six prisms 32a through 32f and Symmetrically combining 
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two sets of three prisms like the present embodiment, 
compact configuration can be made So that the Surface area 
on emission side or on the integrator optical System 23 Side 
of the polarization converter 31 is twice the Surface area on 
the light-receiving Side or on the reflector 1 side. That is, as 
the shape of the input part of the integrator optical System 23 
is the same as that of the case shown in FIG. 37, the Surface 
area on the light-receiving Side of the polarization converter 
31, which may be half the size of the aperture of the window 
12 on the Spherical mirror 11, can also be decreased to match 
the total size of both prisms 32b and 32e. 
0229. The nineteenth embodiment according to the 
present invention will be illustrated with reference to FIG. 
39 and FIG. 21. The present embodiment shows an appli 
cation example using the aforementioned illumination appa 
ratus A1 for illuminating a liquid crystal panel or LCD 21. 
0230. That is, the illumination apparatus is configured so 
that the plane mirror 4 is arranged at the minor axis of the 
ellipsoidal mirror or the reflector 1 and collimation is made 
by the collimator lens 6 as a collimation means behind the 
Second focal point F2 of an ellipsoidal mirror, and may be 
the illumination apparatus A3. In the case of the present 
embodiment, the collimator lens 6 is configured So that the 
whole corresponds to one convex lens by combining four 
conveX and concave lenses for reducing chromatic aberra 
tion. Also, in the present embodiment, the front glass 22 
attached to the aperture of the ellipsoidal mirror is directly 
utilized as the plane mirror 4. 
0231. Also, in the case of the present embodiment, an 
output light utilizing optical System arranged between the 
illumination apparatus A1 and the liquid crystal panel 21 is 
an integrator optical System 41 with a polarization converter. 
Although the integrator optical System 41 may have various 
configurations, in the present embodiment, the same as the 
case shown in FIG. 37, the integrator optical system 41 is 
configured using an Orthogonal cylindrical lens arrayS 24a, 
24b, 25a and 25b and a convex lens 42, of which the focal 
length matches to a distance from the convex lens 42 to the 
liquid crystal panel, is arranged immediately behind the last 
cylindrical lens array 25b. Thus, luminous flux divided into 
Segments by means of the orthogonal cylindrical lens arrayS 
25a and 25b overlap on the liquid crystal panel 21 being the 
illuminated Surface. A condenser lens for passing luminous 
flux with the minimum diameter to a projection lens (not 
shown in FIG. 39) in a liquid crystal projector is also 
indicated with the numeral 43. 

0232 Thus, the method of collimation after focusing 
once is effective for an illumination apparatus in a field 
Sequential projector. That is, flickering becomes unnotice 
able by Setting the color wheel at the focal point. 
0233. Herein, similar to the window 12 of the spherical 
mirror 11, the shape of a window 5 on the plane mirror 4 as 
the front mirror will be illustrated with reference to FIG. 21 
like the eighth embodiment according to the present inven 
tion. For a simple illustration, the orthogonal cylindrical lens 
arrayS 24a and 24b as an optical element at the input part of 
the integrator optical System 41 are replaced with one 
fly-eye lens-array. Herein, it is assumed that the Size of a lens 
element constituting the aforementioned fly-eye lens-array 
is H=4 mm in the horizontal direction and V=3 mm in the 
Vertical direction and the fly-eye lens-array is configured So 
that 7x9 lens elements are arranged. 
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0234. On Such conditions, the basic shape of the window 
is a rectangular shape of the horizontal Side of 4 mmx7=28 
mm and the vertical side of 3 mmx9=27 mm. if all lens 
elements in the shape are utilized, the window 5 on the plane 
mirror 4 should be made with the ratio of horizontal side to 
vertical side of 28:27. 

0235 However, for a projector using a reflection LCD, 
the Smaller the incidence angle of light entering the Surface 
of the liquid crystal panel 21 is, the more the performance 
for contrast and color evenneSS is improved. Hence, the 
luminous flux passing through a diagonal lens element, of 
which the incidence angle is relatively large, may not be 
used. In addition, in the present embodiment, the luminous 
flux reaching to the diagonal lens element can be reflected, 
utilized again, and made high-quality luminous flux near the 
center So that overall efficiency can be improved. 

0236 Also, similar to the eighth embodiment according 
to the present invention, FIG. 21(a) shows an example in 
which a range covering one diagonal lens element is a 
reflection surface or a part of the ellipsoidal mirror and FIG. 
21(b) shows an example in which a range covering each of 
three diagonal lens elements is a reflection Surface or a part 
of the ellipsoidal mirror. Herein, numerical values in paren 
thesis in FIG. 21 are (x, y, l), that is, show X-coordinate, 
y-coordinate of the corresponding point, and a diagonal 
length 1 being Symmetric about the original point, respec 
tively. 

0237 Furthermore, if the light axis can be set precisely 
and maintained, it is not necessary to configure the window 
in the lens element unit shown in FIG.21(c) or FIG. 21(d). 
FIG. 21(c) is an example of forming the window 5 in the 
shape of an ellipsoid or a circle inscribing to the rectangle 
profile and FIG.21(d) is an example of dividing the four sets 
of the three lens elements on the four corners by the diagonal 
lines and forming the entire window 36 in the shape of an 
octagon. In the examples of FIG. 21(c) and FIG. 21(d), 
Since luminous flux passes through only a part of a lens 
element, unevenness of illuminance may be caused in only 
one lens element, however, the illuminance caused by the 
convolution with respect to the all lens elements causes little 
unevenness of illuminance due to mutual compensation. 

0238 Particularly, in the example shown in FIG. 21(d), 
two lens elements located on each of the four corners are in 
the relationship to compensate its diagonal lens elements 
completely So that unevenness of illuminance is theoreti 
cally not caused at all. 

0239). As described above, for a simple illustration, the 
orthogonal cylindrical lens arrayS 24a and 24b as an optical 
element at the input part of the integrator optical System 41 
are replaced with one fly-eye lens-array. However, for the 
orthogonal cylindrical lens arrays, it is possible to under 
Stand that if a similar approach would be applied to an 
interSection unit of a longitudinal cylindrical lens array and 
a lateral cylindrical lens array, a similar effect can be 
obtained So that a detailed description is omitted. 

0240 Thus, by shaping luminous flux entering an inte 
grator optical System into a circle or near circle, luminous 
flux reaching to its periphery is reflected, utilized again, and 
made high-quality luminous flux near the center So that 
overall efficiency can be improved. 
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0241 The present invention is not limited to the specifi 
cally disclosed embodiments, and variations and modifica 
tions may be made without departing from the Scope of the 
present invention. 
0242. The present application is based on Japanese pri 
ority applications No. 2001-123923 filed on Apr. 23, 2001 
and No. 2001-263890 filed on Aug. 31, 2001, the entire 
contents of which are hereby incorporated by reference. 
What is claimed is: 

1. An illumination apparatus in which at least one part of 
a reflector is a first parabolic mirror, a light Source is 
arranged near a focal point of the first parabolic mirror, and 
collimated light that is emitted from the light Source and 
reflected from the first parabolic mirror exits toward an 
output light utilizing optical System, wherein a front mirror 
is arranged on a light path of the collimated light, Said front 
mirror comprising: 

a transparent window having no mirror Surface and a 
window Size Substantially the same as a size of an 
entrance part of the output light utilizing optical Sys 
tem; and 

a mirror Surface at light Source Side that is symmetrical 
about a light axis of the collimated light extending 
through the position of the focal point of the first 
parabolic mirror. 

2. The illumination apparatus as claimed in claim 1, 
wherein the front mirror is provided to a front glass attached 
to an exit of the first parabolic mirror as one unit. 

3. The illumination apparatus as claimed in claim 1, 
wherein the front mirror is arranged between the front glass 
attached to an exit of the first parabolic mirror and the light 
SOCC. 

4. The illumination apparatus as claimed in claim 1, 
wherein the output light utilizing optical System comprises 
an integrator optical System therein and the front mirror is 
provided in combination with a first fly-eye lens-array or a 
member corresponding to the first fly-eye lens-array of the 
integrator optical System as one unit. 

5. The illumination apparatus as claimed in claim 1, 
wherein the front mirror is a plane mirror. 

6. An illumination apparatus in which at least one part of 
a reflector is a first parabolic mirror, a light Source is 
arranged near a focal point of the first parabolic mirror, and 
collimated light emitted from the light Source and reflected 
from the first parabolic mirror exits toward an output light 
utilizing optical System, the reflector comprising: 

the first parabolic mirror at least in a region where the 
collimated light reflected from the first parabolic mirror 
covers an entrance of the output light utilizing optical 
System; 

an ellipsoidal mirror Outside the first parabolic mirror 
having a focal point common to the focal point of the 
first parabolic mirror; and 

a plane mirror with a transparent window having no 
mirror Surface and a window Size Substantially the 
Same as a size of an entrance part of the output light 
utilizing optical System, Said plane mirror being 
arranged near a minor axis of the ellipsoidal mirror 
perpendicularly to a light axis of the collimated light. 

7. The illumination apparatus as claimed in claim 6, 
wherein the reflector comprises a Second parabolic mirror 
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existing from an end of the ellipsoidal mirror to the plane 
mirror near the minor axis and having a focal point common 
to the focal point of the first parabolic mirror. 

8. The illumination apparatus as claimed in claim 1, 
wherein the front mirror is a third parabolic mirror having a 
focal point common to the focal point of the first parabolic 
mirror. 

9. The illumination apparatus as claimed in claim 8, 
wherein the position of a point at which a straight line 
through the focal point and a part of the third parabolic 
mirror at which the distance from the center of the window 
is minimum intersects the first parabolic mirror is outside of 
an interSection line of a hole through which the light Source 
is inserted. 

10. The illumination apparatus as claimed in claim 1, 
wherein the output light utilizing optical System has a 
polarization converter for aligning polarization direction on 
the entrance thereof and the Size of the window having no 
mirror Surface of the front mirroris Substantially the same as 
the size of the polarization converter. 

11. The illumination apparatus as claimed in claim 1, 
wherein the output light utilizing optical System has an 
integrator optical System on the entrance thereof and the size 
of the window having no mirror surface of the front mirror 
is Substantially the same as an effective size of the first 
fly-eye lens-array on the entrance of the integrator optical 
System. 

12. The illumination apparatus as claimed in claim 1, 
wherein the output light utilizing optical System has an 
integrator optical System on the entrance thereof and the size 
of the window having no mirror surface of the front mirror 
is Substantially the same as an effective Size of an orthogonal 
cylindrical lens-array on the entrance of the integrator 
optical System. 

13. The illumination apparatus as claimed in claim 1, 
wherein the window of the front mirror has such size as a 
minimum distance from the light axis to a part at which the 
collimated light through the focal point of the first parabolic 
mirror impinges on the front mirror is larger than two times 
of a focal length of the first parabolic mirror. 

14. The illumination apparatus as claimed in claim 8, 
wherein the front mirror is held at a Set position by a Spring 
material. 

15. A liquid crystal projector comprising: 
at least one liquid crystal panel on which an image 

projected by an image information controlling unit is 
formed; 

the illumination apparatus of claim 1 for illuminating the 
liquid crystal panel as an object illuminated by the 
output light utilizing optical System; and 

a projection lens System for projecting the image formed 
on the liquid crystal to a Screen. 

16. A liquid crystal projector comprising: 
at least one liquid crystal panel on which an image 

projected by an image information controlling unit is 
formed; 

the illumination apparatus of claim 6 for illuminating the 
liquid crystal panel as an object illuminated by the 
output light utilizing optical System; and 

a projection lens System for projecting the image formed 
on the liquid crystal to a Screen. 
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17. An illumination apparatus using an ellipsoidal mirror 
in at least one part of a reflector, arranging a light Source near 
a first focal point of the ellipsoidal mirror and reflecting 
luminous flux emitted from the light source by the ellipsoi 
dal mirror to direct the luminous flux to near a Second focal 
point of the ellipsoidal mirror, wherein a front mirror, on 
which a window having no mirror Surface is formed near a 
light axis extending through the first focal point and the 
Second focal point, is arranged between the first focal point 
and the Second focal point, and at least one part of the light 
reflected from the ellipsoidal mirror among the luminous 
flux emitted from the light source is reflected from the front 
mirror in front of the second focal point to be returned to the 
ellipsoidal mirror or a vicinity of the first focal point. 

18. The illumination apparatus as claimed in claim 17, 
wherein the front mirror is a plane mirror arranged orthogo 
nal to the light axis and at the position of the minor axis of 
the ellipsoidal mirror. 

19. The illumination apparatus as claimed in claim 18, 
wherein the front mirror has the window at least in the range 
cut out by a conical Surface extending from an edge of a light 
Source holding hole formed on the reflector through the first 
focal point. 

20. The illumination apparatus as claimed in claim 17, 
wherein the front mirror is a spherical mirror of which the 
center is the Second focal point. 

21. The illumination apparatus as claimed in claim 20, 
wherein the front mirror has the window at least in the range 
cut out by a conical Surface extending from the interSection 
line of a Surface orthogonal to the light axis at the first focal 
point and the ellipsoidal mirror, to the Second focal point. 

22. The illumination apparatus as claimed in claim 17, 
wherein a first optical member of a collimation means for 
making collimated light is arranged behind the Second focal 
point on the light axis. 

23. The illumination apparatus as claimed in claim 17, 
wherein a first optical member of a collimation means for 
making collimated light is arranged between the front mirror 
and the Second focal point. 

24. The illumination apparatus as claimed in claim 17, 
wherein the window has a Similar figure to an entrance of an 
optical element on the entrance part of the output light 
utilizing optical System. 

25. The illumination apparatus as claimed in claim 24, 
wherein the optical element on the entrance part of the 
output light utilizing optical System is an integrator. 

26. The illumination apparatus as claimed in claim 24, 
wherein the optical element on the entrance part of the 
output light utilizing optical System is a polarization con 
Verter. 

27. A liquid crystal projector comprising: 

at least one liquid crystal panel on which an image 
projected by an image information controlling unit is 
formed; 

the illumination apparatus of claim 17 for illuminating the 
liquid crystal panel as an object illuminated by the 
output light utilizing optical System; and 

a projection lens System for projecting the image formed 
on the liquid crystal to a Screen. 


